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EXECUTIVE SUMMARY

INTRODUCTION

A baseline ecological risk assessment (ERA) was prepared to evaluate the post-dredging conditions

in the Manistique Harbor and River Area of Concern (AOC). The Manistique Harbor and River

AOC has been impacted by point and non-point sources of pollution. The harbor and river

sediments contained elevated levels of polychlorinated biphenyls (PCBs) primarily from industrial

and paper milling operations. Dredging commenced in 1996 and was completed in 2000.

Information and data collected during the post-dredging site investigation in September 2004 serves

as the basis for this task. The site investigation data, combined with the results of the ERA and the

Human Health Risk Assessment, will provide the information needed for development of the overall

long-term management strategy for the Manistique Harbor and River.

PROBLEM FORMULATION

The problem formation establishes the goals, breadth, and focus of the baseline ERA. It also

establishes assessment endpoints or specific ecological values to be protected. The environmental

setting is characterized, the complete exposure pathways are determined, and the assessment and

measurement endpoints are selected.

Aquatic habitat in the Manistique Harbor and River site supports a variety of seasonal sport fish

including northern pike, yellow perch, channel catfish, smallmouth bass, rock bass, walleye, chinook

salmon, coho salmon, pink salmon, brown trout and steelhead. Land habitat in the area is primarily

sandy beach, low shrubs, and developed sites, which can be used by shorebirds and gulls. Bald eagles

forage along the shoreline in the vicinity of the AOC. Waterfowl habitat is available primarily on

the eastern shore of the river near U.S. 2, where the dead end channel creates a marsh. There is little

* I I:\WO\\RACV236\34880ES.WPD RFW236-2A-ASQP
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available wildlife habitat elsewhere in the AOC, since the entire site lies within the City of

Mamstiqne and die shoreline and nearby areas are relatively developed (Triad Engineering and

TenaFinna Environmental, 2002).

• Complete exposure pathways include birds and mammals exposed ttaoiigh dietary ingestion ofPCBs

hi MfKniMit that accnmulate in the fond foraged hy the bird or mammal, and any incidental ingestion

J Of Hmrt mntarf with PfR-cnntamiMtefi media that nmirs thmiigh the die* fir thmiigh foraging or

nesting activities. Benthic invertebraes can be significantly exposed through direct contact and

9 dfetvy ingestioa ofPCBsm sediment, sediment pore water, and surface water. Fish can be exposed

through dietary ingestion of PCB in sediment that accumulate in the food foraged by the fish, and

J any incidental ingestion or direct contact that occurs tfiixjugh the diet cctirough foraging. Exposing

m to PCBs dissolved in the water column can also occur through gills, de"*"*̂  and food ingestion.

?! Assessment and measurement endpoints primarily focus on the potential "Imk" between wildlife and

** food sources from within the Mamstique Harbor and River and secondarily on direct contact

exposures for organisms Irving in or on tbeManistique Harbor and River. The assessment objective

and the measurement endpoint (as measures of exposure) being used are summarized below:

Protection ofbentfak organisms - Comparison of sediment concentrations with toxicity-based
nMMMiiimif V3IQCS.

Protection of feral fish population - Comparison of tissue concentrations with residue-effect

3
• Protection of populations of piscivorus buds - Food-chain modeling and comparison to

9 TRVs for the bald eagle.

• Protection of populations of piscivorus mammals - Food-chain modeling and comparison
with TRVs for the mink.

« The target receptors were selected based on the concept that it is neither feasible nor cost-effective

to measure constituent effects on aUspedesmbabibng the aquatic and tencstrial habitat associated

] tAWOMACVBAMUOES-WPD RFW236-2A-ASQP
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with the Manistique Harbor and River site. In addition, these target receptors (i.e., benthic

organisms, feral fish, benthic organism, mink and bald eagle) were evaluated in the pre-dredging

qualitative ERA (Terra Inc., 1994).

SITE INVESTIGATION

The September 2004 sampling activities focused on the collection of physical, chemical, and

biological samples. The constituent of potential concern at this site is PCBs. The environmental

media sampled for PCB analysis included sediment, surface water, resident fish, caged fish, and

semi-permeable membrane devices (SPMDs). The ERA focuses on those media that ecological

receptors can be exposed to - sediment and wholebody fish. Surface water is not evaluated in the

ERA because PCBs were not detected in this medium.

CHARACTERIZATION OF EXPOSURE

For target receptors or communities that are exposed directly to the media in which they live (such

as benthic invertebrate and fish), uptake is expressed in terms of measured concentrations of

constituents in the media in which they reside (for example the concentration of constituents in

sediment are used to directly estimate the intake received by benthic organisms) or residual

contaminant concentrations in tissue. For target receptors that are exposed through the food chain,

daily exposure intake models were developed which express exposure in terms of constituent intake

per kilogram of body weight per day (mg/kg-day). The ingestion offish and incidental ingestion of

sediment represent the primary routes of exposure to the bald eagle and the mink. In this ERA,

trophic level 3 and trophic level 4 fish tissue has been assumed to compose 100 percent of a

receptor's diet, and the receptors are assumed to obtain 100 percent of their diet from the harbor and

river.

I:\WO\\RAC\236\34880ES.WPD RFW236-2A-ASQP
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I CHARACTy-pyy-ATION OF EFFECTS

• Ecological toxichy reference values (TRVs) for PCBs and for the individual Aroclors were obtained

from the hteratnre. TRVs based on media concentrations are used foe benthic organisms and fish

| and TRVs based on dose are used for bird and mammal receptors. TRVs were obtained from the

sources fasted below.

3
• Oak Ridge National Laboratory (ORNL) Risk Assessment ^formation System (RAJS) on-

tm fine database (http://rislLlsdanil.gov/rapJip.shmil).

• U.S. EPA Region 9 Biological Technical Assessment Group (BTAG)

^ flittp^Ayww.dtsc.ca.gov/SdenceTechnology/eco.htmltfBTAGy
• Final Baseline Human Health and Ecological Risk Assessment Lower Fox River and Green

1 Bay, Wisconsin. Remedial Investigation and Feasibility Study (The RetecGroop, 2002).

• U.S. Army Corps of Engineers/U.S. Environmental Protection Agency Environmental
1 Residue-Effects Database (ERED). (http7Avww.wes.army.mil/eyered)

Multiple benchmarks are used to evaluate effects on benthic organisms. The use of multiple

"1 of only one coiiservatrvelyesthnated benchmark niayp^

exceedance of nndtiple benchmarks of varying conservatism may provide strong evidence of real

*] effects (Jones etaL, 1996).

3 Exposure of fish to potentially deleterious concentrations of PCBs is evaluated based on tissue

The U.S. Army Corps of Engineers/U.S. Environmental Protection

H Environmental Residue-Effects Database (ERED) was consulted for toxicity data fbr fish. The

ERED contains information on the broad range of biological effects caused by the presence of a

| particular contaminant in the tissue of an organism. Both DO observed effect dose (NOED) and

lowest observed effect dose (LOED) concentrations were selected as no effect and the effect TRVs

3 for fish exposure based on the similarity of the test species and the target species for mis she.

j
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There are no U.S. EPA-established, acceptable daily doses for ecological receptors; therefore, dose-

based TRVs were developed from the available scientific literature. Both no effect TRVs, consistent

with a chronic no-effect level, and effect TRVs, consistent with a low effect level, are used to

evaluate effects to the bald eagle and mink. Allometric modeling from Sample and Arena! (1999)

was used for interspecies extrapolations when the test species is different from the wildlife or target

receptor species.

RISK CHARACTERIZATION

The hazard quotient (HQ) method is used as an indicator of the risks posed to surrogate ecological

receptors from exposure to site-related contaminants (U.S. EPA, 1996c). The hazard quotient

compares exposure values to TRVs, and can be expressed as the ratio of a potential exposure level

to the TRV.

To assess the potential for adverse effects on benthic organisms from exposure to potentially toxic

sediment, the range of detected sediment concentrations in the Manistique Harbor and River were

compared to sediment screening benchmarks. The average concentration of PCBs did not exceed

the highest benchmark, but average concentration did exceed the threshold concentrations. While

these results show a potential for adverse impacts to benthic organisms from sediment exposure,

these risks may be localized at particular "hotspots", rather than distributed throughout the harbor

and river. Note that no PCBs were detected in the Inner Harbor, and the highest detected

concentration was measured in the Outer Harbor.

Exposure offish to potentially deleterious concentrations of PCBs is evaluated based a comparison

of tissue residues to residue effects concentrations. The mean and 95% UCL concentration of total

PCBs in the whole body fish tissue for the target species collected from the Manistique Harbor and

River were compared to tissue NOEDs and LOEDs for similar fish. For the bottomdweller (i.e.,

omnivorous) fish species, the HQs range from 0.017 to 6.9, indicating potential risk to these species.

I:\WO\VRAC\236\34880ES.WPD RFW236-2A-ASQP
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I The HQ exceeded one for the sucker species but not far the channel catfish. The HQs based on the

LOED and the 95% UCL tissue concentration did not exceed one far any of the bottomfeeder

• species. For die predator 0-c., carnivorous) fish species, the HQs range from 0.07 to 0.6. For die

predatory fish species, the HQs were less than 1.0 and therefore indicate no risk.

The bald eagle may be exposed to PCBs through ingestion of fish and incidental ingestion of

sediment The HQ based on the no effect TRY was 0.51 for total PCBs and the HQ based on the

effect TRY was 0.036 for total PCBs- All HQs for the nidi vidual Arockxs were less man 1. These

HQs were less man one and therefore indicate no risk to the eagle. For the mink, the HQ based on

the no effect TRY was \2 for total PCBs and the HQ based on the effect TRY was 0.6 for total

PCBs. For Aroclor 1248, the HQ based on me no effect TRY was land the HQ based on the effect

TRY was 0.1. The HQs based on the no effect TRY exceeded one for me total PCBs j

potential risk. However, the HQs based on the effect TRY for total PCBs and for the individual

Aroclors were less man 1, qiege«tf"g mat this potential risk is limited.

Overall, the HQ analysis

little to no risk to the eagle and the mink. The HQ analysis indicates potentially unacceptable levels

of risk to benthk organisms and bottomdweUing species. However, the substrate provided by the

haiborandriverisnotexpectedtosiippoitathriviiigb The highest tissue residue

i'umt* were measured in bottomdweUing species, which have high lipid contents. The

higher the hpid content. the higher the resistance to the toxicant because a higher proportion of the

hydrophobk compound is associated with the hpid and is not available to cause toxichy (Meador,

2002). m contrast, hpid levels positively correlate with bioaccumulation and the half-life of

absorbed oMrtaiiiinants in receptor species (Geyer et al.. 1997). Thus, white receptors with high hpid

content win both absorb and retain chemicals to a greater extent, there is potential for increased risk

to predators consuming prey with high hpid contents. Since there is a potential for adverse effects

on benmk organisms and fish, continued monitoring of sediment and fish tissue is recommended.

RFW236-2A-ASQP
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| SECTION 1

' INTRODUCTION

' 1.1 PURPOSE

The purpose of this document is to present an ecological risk assessment for the post-dredging

I conditions in the Manistique Harbor and River Area of Concern (AOC). This document was

- prepared by Weston Solutions, Inc. (WESTON*) under U.S. EPA Region V Work Assignment No.

| 236-TATA-05FV.

| 1.2 BACKGROUND

I The Manistique Harbor and River Area of Concern (AOC) is located on the Manistique River near

the City ofManistique, Schoolcraft County, Michigan (Figures 1-1 and 1-2). The Manistique Harbor

| and River AOC has been impacted by point and non-point sources of pollution. The harbor and river

sediments contained elevated levels of polychlorinated biphenyls (PCBs) primarily from industrial

i and paper milling operations. Dredging was initiated in 1996 in an area adj acent to the former paper

vP mill. The former paper mill was determined to be a source area for the PCBs. From 1997 through

' 2000, extensive dredging was performed in the South Bay of Manistique Harbor and in the

Manistique River. Dredging was focused on areas containing PCBs above the site action level of

10 parts per million (ppm), with priority given to areas with higher PCB contamination levels. By

I the end of the 2000 field season, the average levels of PCBs in the sediment were below the U.S.

EPA action level of 10 ppm, and the dredging of the site was completed (Lockheed Martin, 2003).

Over a period of years, some fraction of the residual mass of PCBs in the Manistique Harbor and

River may migrate into the water column or be buried or mixed into the river and harbor sediments
i

via dynamic sediment processes or bioturbation. With time the harmful effects of these residual

!

I:\WO\RAC\236\34880-S1.WPD RFW236-2A-ASQP
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• sediments (uptake into the water column and increased bioavailability of PCBs) will be reduced.

After dredging, new, clean sediments are expected to accumulate more rapidly man current

• sedimentation rates because of me increased depth of me harbor and channel Thisresednnentation

(at a rate of approximately 1 .5 inches per year) is also expected to reduce the impact of the remaining

ft PCB residuals (Interagency Review Team, Assessment of Remediation Technologies, Manistique

River and Harbor Area of Concern, Final Report, U.S. EPA 1995 a),

i
13 FRR-DRlfliq|N<r y rpLOGlCAL RISK ASSESSMENT

A qualitative ERA was prepared prior to dredging of the Manistique Harbor and River (Terra Inc.,

j 1 004). The qualitative Ftt A evaluated potential imparts nfPTRs in sediment «n henthic. organisms,

feral fish, bald eagles, and mink. Average PCB concentrations in sediment fell in "probable effect

J range" or the "marginally polluted range" for generic sediment screening values for the protection

ofbenmic organisms Measured water column PCB data was below lethal and subchronic non-lethal

J endpOintS for fish. TV t*pnr* stated «h^ it *"»« djfFfailt *« ntgdirt wfrh my er^fiArnrr- th«» adverse

p- impacts that contaminated sediments would have on the local bald eagle population. Based on the

J bioaccumulation model used in this assessment to estimate fish tissue concentrations, the assessment

I
Jndedthatrisif to the mink cm be reduced by lowering the surfrcs sediment ooncg"*"*y»»^ The

ERA detennimed that though dredging without capping would resuh in towered PCB concentrations,

• residna] concentrations would remain that have the potential for deleteriotis reproductive effects in

** mink, m summary, the quaUtative ERA determined the potential for adverse effects to ecological

A receptor organisms under both baseline conditions and after dredging to a 10 ppm leveL

\A OBJECnVES

ff The Manistique River and Harbor Qualitative Ecological Risk Assessment (Terra me., 1994)

identified concentrations of PCBs in sediment at levels mat may cause an adverse impact to

, j tAWCNtACVZ3O)4m-SI.WPD RFW236-2A-ASQP
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ecological receptors at the Manistique AOC. This document presents an ERA for the post-dredging

conditions. The primary objectives of this ERA are to:

• Evaluate PCB levels in sediment, surface water, and fish tissue after completion of
dredging.

• Assess the potential for adverse impact to ecological receptors, focusing on
exposures to avian and terrestrial piscivores.

• Develop conclusions and recommendations for additional investigation or no further
action, as appropriate, based on the findings from the ERA.

This ERA will also provide information needed for development of the overall long-term

management strategy for the Manistique AOC.

1.5 APPROACH

The methodology used to assess the potential ecological risks at the Manistique AOC draws upon

guidance set forth in the following documents:

• Ecological Risk Assessment Guidance for Superfiind: Process for Designing and
Conducting Ecological Risk Assessments (U.S. EPA, 1997).

Guidelines for Ecological Risk Assessment (U.S. EPA, 1998).

Framework for Ecological Risk Assessment (U.S. EPA, 1992).

The U.S. EPA's Framework document (1992) defines an ERA as a process that evaluates the

likelihood that adverse ecological effects are occurring or may occur as a result of exposure to one

or more stressors. This document provides the basic process and principles to be used hi an ERA,

which include problem formulation, analysis (including characterization of exposure and

I:\WO\RAC\236\34880-S 1 .WPD RFW236-2A-ASQP
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process, and are intended to allow a rapid determination that a site poses nor or negligible

to identify which contaminants and which exposure pathways require further evaluation.

risks, or

Steps 3
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are the followed in mis ERA for the Manistique Harbor and River she.
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.

The ERA report is organized as foOows:

Executive Summary
Section 1 —Introduction
Section 2 -Problem Fonnulation
Section 3 - Site Investigation

Section S - Characterization of Effects
Section 6 - Risk Characterization and Uncertainty
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Appendices include the following:

Appendix A - Analytical Data Tables
Appendix B - ERED Summary
Appendix C - Toxicological Profile for PCBs

The tables and figures cited in the text are provided at the end of the section in which they are first

referenced.
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SECTION 2

PROBLEM FORMULATION

In Step 3 of the ERA process, the problem formation establishes the goals, breadth, and focus of the

baseline ERA. The problem formulation also establishes assessment endpoints or specific ecological

values to be protected. The questions that need to be addressed are defined based on potentially

complete exposure pathways and ecological effects. A conceptual model of the site is developed that

shows the complete exposure pathways evaluated in the ERA and the relationship of the

measurement endpoints and the assessment endpoints. The problem formulation for this site

involves identifying the exposure pathways by which PCBs have or may migrate through the

Manistique Harbor and River and ultimately to link these routes of migration to receptors and habitat

in, on, and around the site.

2.1 ENVIRONMENTAL SETTING

The environmental setting is characterized to identify specific areas on or adjacent to the Manistique

Harbor and River that contain ecological receptors and habitat. The characterization also identifies

whether the site may be environmentally important, contain sensitive species (i.e., threatened or

endangered) or contain habitat that sensitive species may utilize. The following description of the

Manistique River and Harbor AOC was obtained from the 2002 Remedial Action Plan Update (Triad

Engineering and TerraFirma Environmental, 2002).

2.1.1 Physical

The AOC lies primarily within the City of Manistique, beginning at the dam and extending through

the Manistique Harbor to Lake Michigan. The east side of the river and harbor is primarily utilized

for residential, business and recreational uses. The region of Schoolcraft County along the Lake

I:\WO\RAC\236A34880-S2.WPD RFW236-2A-ASQP
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Michigan shoreline and including the AOC is fidriy level and characterized by tow sandy or gravely

ridges alternating with swales and swamps. Soils surrounding the AOC arcprimarily sand underlain

by limestone and dolomite.

| TheMamstique River substrate in the vicinity of the Manistique Papers, me. flume upstream of me

M U.S. 2 highway bridge is comprised primarily of limestone bedrock strewn whfa large boulders. The

J substrate below the US 2 highway bridge adjacent to the flume consists of rocks and smaller

3
boulders overlying the limestone bedrock, with sand deposition occurring in the area of slower

moving water on the east side of the River. Between the end of the rapids and the US 2 highway

M bridge the substrate is primarily sand and silt overlying limestone bedrock. The substrate

** downstream of the channels in the River and Harbor is a combination of sand and sift with some

«i gravel, bedrock, cobble and slab wood. The deposition zones in the river and harbor continue to

accumulate sift, primarily from erosion of bank materials in the upper watershed due to forestry

1 Surveys conducted by MDNR in 1976, 1978 and 1985 documented that the substrate in the

Manistique Harbor had been altered due to accumulation of sawdust and wood chips. These

material* originated primarily fimm Jimnhpf-tnalring and pappr-malrnig (fimm wind pnlp) activities

that historically occurred on the tower Manistique River. With the closing of the sawmills, improved

J wastewater treatment, and the switch from ptdpwood to recycled magazines (materials including

s pros mixed papers) as raw material at the paper mill, the discharge of the woody materials

3
1 2.1.2

I

9
Aquatic habitat in me AOC downstream of die dam supports a variety of seasonal sport fish

including northern pike, yellow perch, channel catn^smaunxxidi bass, rockbass, walleye, chinook

salmon, coho salmon, pink salmon, brown trout and steelhead. The area in the vicinity of the flume

where die elevation of die river drops approximately 26 feet and flows over shelves oflimestone and

RFW236-2A-ASQP
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gravel bars is considered an excellent spawning location for many of the fish species. The remaining

length of the river and harbor is basically at the level of Lake Michigan and is not considered

important for spawning of fish.

Land habitat in the AOC is primarily sandy beach, low shrubs, and developed properties that can be

used by shorebirds and gulls. In addition, bald eagles forage along the shoreline in the vicinity of

the AOC. Waterfowl habitat is available primarily on the eastern shore of the river near U.S. 2,

where the dead end channel creates a marsh. Waterfowl have also been observed along the river

shoreline and around the islands created by the boat channels. There is little available wildlife

habitat elsewhere in the AOC, since the entire site lies within the City of Manistique and the

shoreline and nearby areas are relatively developed.

Table 2-1 presents the listed species and quality natural communities known to occur inSchoolcraft

County. Table 2-2 presents the listed species and quality natural communities in the Schoolcraft

County watersheds along Lake Michigan.

2.2 IDENTIFICATION OF EXPOSURE PATHWAYS

Exposure pathways describe the path a constituent takes from its source into the environment and

ultimately to a receptor. The purpose of characterizing the exposure is to identify only complete

exposure pathways for media and receptors from all possible routes of exposure that may exist at this

site. Complete exposure pathways are more likely to contribute to potential risks resulting from that

exposure. Exposure pathways considered to be complete exposures for the Manistique Harbor and

River site are summarized as follows:

• Benthic Invertebrates—Benthic invertebrates can be significantly exposed through direct
contact and dietary ingestion of PCBs in sediment, sediment pore water, and surface water.
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I • Fbk—Fish can be exposed through dietary ingestion of PCBin sediment mat accumulate

in me food foraged by the fish, and any incidental ingestion or direct contact that occurs

I through the diet or through foraging. Exposure to PCBs dissolved in the water column can
also occur through gills, dermis, and food ingestion.

I

3
3
3
3

i and mammals can be exposed through dietary ingestion of PCBs
in f**K™*«* mat accumulate in the food foraged by the bird or mammal^ and any mad*?"**!
ingestion or direct contact to PCBs in environmental media that occurs through the diet or
through foraging or nesting activities. Birds and mammals mat have me greatest degree of
exposure are those mat hunt and consume other organisms (especially fish) for food.

23 CONCEPTUAL EXPOSURE MODEL

A conceptual she model defines exactly how exposure to constituents might affect an ecosystem

(Norton et aL, 1992). The general taxonomic groups (i.e., mammals, birds, invertebrates, fish)

potentially at risk from exposure at the Manistique River and Harbor and the associated fate and

transport mechanisms have been summarized in a conceptual exposure pathwaymodel (Table 2-3).

1A ASSESSMENT Af*P MEi*S\ntEMENT ENDPOINTS

The selection of assessment and measurement endpoints and their testable hypotheses is the final

continent m the problem formulation. Assessment and measurement endpomts primarily focus on

the potential "tink" between wildlife and food sources from within the Manistique Harbor and River

and secondarily on direct contact exposures for organisms Uvingmor on me Manistique Harbor and

River. The food sources for species of avian and mammalian wildlife include fish, aquatic plants,

ilgaeand/orplanlctonfroinmewatercolumn, ExposmetDwildlifemroughfood-chain

or trophic transfer as weD as through direct contact exposure was considered in developing

nd measurement endpoints.

i
RFW236-2A-ASQP

jr fcr U.S. ETA. k Aal mH be nfaMd wr dbdMcd hi wtale «r !• put



u

Manistique Harbor and River Site
Ecological Assessment Report
Section: 2
Revision: 1
Date: 2 March 2005
Page: 2-5 of 15

2.4.1 Assessment Endpoints

Assessment endpoints are defined as explicit expressions of the environmental value that is to be

protected (U.S. EPA, 1992). Each assessment endpoint represents a specific target receptor (or

community) and function of interest to resource or risk managers. Multiple assessment endpoints

are chosen to represent different trophic levels within a food web. Evaluation of target receptors

from .several trophic levels provides a more robust assessment of potential risks and addresses the

range of sensitivities ultimately associated with site exposures. Because habitats and receptors at

a site are unique, there is no standard list of assessment endpoints that can be used. The criteria

(Suter, 1989; 1990; 1993) used to select assessment endpoints are as follows:

• Biological relevance to the ecosystem.

• Susceptibility to exposure and sensitivity to toxicity.

• Unambiguous operational definition (without this criteria, endpoints provide no
direction for testing and modeling, and the results of an assessment tend to be
ambiguous).

• Capability of being measured.

• Population abundance, community structure, or ecosystem productivity are examples
of typically evaluated assessment endpoints.

Given the presence of PCBs in sediment and the potential for ecological exposure to occur from

sediment, a set of assessment endpoints were developed for the purposes of achieving the specific

goals of the ERA, The assessment endpoints represent potentially significant impacts to the

Manistique River and Harbor eccosystem and are based on their ability to integrate modeled, field,

or laboratory data with the individual assessment endpoint. Elevated levels of PCBs sediment and

surface water are known to be toxic to fish and benthic organisms; thus toxicity to aquatic organisms

and benthic invertebrates is an assessment endpoint for PCBs. The primary ecological threat of

PCBs in ecosystems is not through direct exposure or acute toxicity. Instead, PCBs bioaccumulate

I:\WO\RAC\236\34880-S2.WPD RFW236-2A-ASQP
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• in food chains and PCBs have been implicated as a cause of reduced reproductive success in

piscivorous birds and mink (U.S. EPA, 1997). Therefore, reduced reproductive success in high

| trophic level species exposed through their diet is an important assessment endpomt for PCBs.

| 2AJ, Mi •••• t •* mt Eadpotm

I

I

ndpomts are the measurable environmental characteristics mat are predictive of me

cndpomL Measurement endpoints approximate or predict conditions at a site

(Maoghan, 1993) and fink the conditions to the assessment endpoint Measurement endpoints can

include both measures ofeffect (e.g^ tenacity testing) and measures of exposure (e.g., concentrations

in sediment). Because tenacity testing is outside the scope of this ERA, the measurement endpoints

are not directly measured but are evaluated though calculations which evaluate

to the effects on the measurement endpoints. The criteria considered in the selection of

t endpoints for the Manistique Harbor and River she include:

H • Readfly measured or evaluated.

. • OOTCTfMTtMte to or is predictrve of an assessment endpoiiil.

^ • Appropriate to the scale of the river and harbor, the exposure pathways, and the
tnnptnal dynamifs

• Low natural vaciabihty.

|j • Rapidly responding and sensitive to selected receptors.

I Measurement endpoints (as measures of exposure) and the assessment objective being answered for

mis ERA are summarized by target receptor in Table 2-4.

2JS IDENTIFICATION OF TARGET RECEPTORS

Target receptors were selected based on the concept mat it is neither feasible nor cost-effective to

'] nieasiircconsthnentefiects oil aU species in^

RFW236-2A-ASQP
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the Manistique Harbor and River site. Consequently, target receptors have been selected and

evaluated as surrogate species with a high level of sensitivity and exposure to constituents at the site.

These target receptors are selected to provide the most conservative estimation of exposure for

similar species within the same feeding guild. In addition, these target receptors (i.e., benthic

organisms, feral fish, benthic organism, bald eagle, and mink) were evaluated in the pre-dredging

qualitative ERA (Terra Inc., 1994). Also important to note is that even though target receptors were

selected for evaluation hi the ERA, these species are selected to represent exposures that other

(similar) species with comparable feeding guilds may be receiving, and thus, serve as "surrogate"

receptors.

2.5.1 Benthic Organisms

Historical activities, including sawmill operations and routine dredging, have severely altered the

substrate available for the colonization of the river and harbor (Terra Inc., 1994). The substrate in

the Manistique River and Harbor includes an accumulation of sawdust and wood chips from

sawmills. Grain size analysis of the sediments indicate that the sediments are primarily fine sands,

with some silty fine sands (Appendix A). While the substrate provided by the river and harbor does

not provide habitat needed for a thriving benthic community, PCBs are known to adversely impact

benthic organisms. Thus, the benthic organism population was selected as a receptor group hi this

evaluation.

2.5.2 Feral Fish Populations

The effects of persistent chlorinated hydrocarbons, such as PCBs, on the health of feral fish

populations have been the focus of numerous scientific studies, especially in the Great Lakes (Terra,

Inc., 1994). hi studies with chlorinated hydrocarbons, the embryo/larval stage has been demonstrated

to be the most sensitive period in an animal's life cycle (Terra Inc., 1994). Thus, the resident fish

population was selected as a receptor group in this evaluation.

I:\WO\RAC\236\34880-S2.WPD RFW236-2A-ASQP
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| 253 Bald Eagle

I

;i

(Hnlin~tu* /gu/vi/vyiJh/i/u*), nnr national gymhnl i« fiyWally deaapmrti-d threatened

species (though die bald eagle is proposed for delisting). Bald eagles are generally restricted to

| coastal areas, lakes, and rivers. Bald eagle are known to occur within Schookraft County. Primarily

canion feeders, bald eagles eat dead or dying fish when available but wiD also catch live fish

9 swimming near die surface or fish in shallow waters. Primary breeding sites include proximity to

.. large bodies of open water and large nest trees with sturdy branches and areas of old growth timber

H with an open and discontinuous canopy. Bald eagles will migrate out of areas where lakes are

3 completely frozen over winter but win remain as far north as the availability of open water and a

reliable food supply allow (U.S. EPA 1993b). The bird's life span in the wild can reach 30 years.

•i The birds travel over great distances, but normally return to nestwimmlOOmilesofwheremeywere

"* originally raised.

While as a gmqp hirdg tend to he more resistant to the acutely te"ric effects of PCPs «* mammals,

"1 the most sensitive endpomt in birds exposed to PCBs appears to be the egg and the effect on

developing embryo (Terra me., 1994). The bald eagle is selected as a receptor species because of

fl its status as a threatened species, its position at the top of the food chain, and its piscrvorus feeding

habits.

3
2JSA Mmk

B
The mink (Mustek vison) is the most abundant and widespread carnivorous mammal in Norm

| America. Mink are found associated with aquatic habitats of all kinds, including rrven streams,

swamps,marshes,andbackwaterareas. Mink prefer irregular shorelines to more open

caponed banks and use brushy or wooded cover adjacent to the water where cover for prey is

abundant and where downfall and debris provide den sites. Mink are active year round. The home

range of a mink encompasses both their foraging areas aroimd waterways and their dens. Mink are

generally no more man 200 meters from water. During the mating season, males may range over

RFW236-2A-ASQP
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1000 hectares. Numerous studies have demonstrated that mink are among the most sensitive of the

tested mammalian species to the toxic effects of PCBs (U.S. EPA, 1997). The mink is selected as

a receptor species because of its PCB sensitivity, its position at the top of the food chain, and its

piscivorus feeding habits.

v

1
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Table 2-1 (Co-tinned)
Listed Species and Natural Commnnities Occurring in Schoolcraft Couty

Manbtiqne Harbor aad River Site
Manistiqie, Michigan

Scientific Name

Limestone pavement lakeshore
Listen auriculata
Littordla uniflora
Lycaeides idas nabokovi
Mesic northern forest
MyriophyUura ferweUii
Open dunes
Oyzopsis canadensis
Pandion haliaetus
Patterned fen
Petashcssagittatus
Planogyra asteriscus
Potamogeton confervoides
Pterospora andromedea
Rallus elegans
Rich conifer swamp
Sciipus clintonii
Scirpus torreyi
Senecio indecorus
Solidago houghtonii
Somatochlora incurvata
Spring
Stetlaria longipes
Sterna hirundo
Tanaoetum huronense
Thalictrum venulosum var. confine
Trimerotropu huroniana
Vaccinium cespitosum
Vertigo datior
Vertigo hubrichti
Vertigo paradoxa
Williamsonia fletcheri
Wooded dune and swale complex

State States
E- endangered
T= threatened
SC =• snecial concern

Connioa Name

AuridedTwayblade
American Shore-grass
Northern Blue

Farweirs Water-milfoil
Beach/shoredunes, Great Lakes Type
Canada Rice-grass
Osprey
Rich Shrub/herb Fen, Upper Midwest Type
Sweet Coltsfoot
Eastern Flat-whorl
AlgaPondweed
Pine-drops
King Rail

Clinton's Bulrush
Toncys Bulrush
Rayless Mountain Ragwort
Houghton'sGoldenrod
Incurvate Emerald
Geographical Feature
Stitchwort
Common Tern
Lake Huron Tansy
Veiny Meadow-rue
Lake Huron Locust
Dwarf Bilberry
Land Snail
Land Snail
Land Snail
Ebony Boghaunter

Federal Startu
LE - listed endangered
LT- listed threatened
PDL = nroonaed delist

Federal States State Slates

SC
SC
T

T

T
T

T
SC
SC
T
E

SC
SC
T

LT T
SC

SC
T
T
SC
T
T
SC
SC
SC
SC

Source: MNFL2005. Current as of 1/4/2005.
http!//wcb4 msue iusu.edu/itinfi/
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Table 2-3
Ecological Conceptual Site Model
Manistique Harbor and River She

Manistique, Michigan

Taxonomic Group

iirds
Mammals

Aquatic invertebrates
7ish

Exposure Routes

Sediment1

X
X

X

X

Surface
Water1

Direct
Contact*

X

X

X

X

Ingestion'

X
X
X
X

Dietary Ingestion'

X

X

X

X

' Sediment exposure hy hinfa anH mammals is expected tn nrreir only within shallow water areas (i.e., less than four font water

depth).
2 PCBs were not detected in surface water samples; therefore this exposure route is not complete.
3 Direct contact assumes contact with the receptor other than through ingestion,
4 Incidental ingestion assumes indirect ingestion of contaminated media white grooming, eating, or foraging for food.
5 Dietary ingestion assumes ingesting contaminants after uptake of constituents into sources of food (Le., fish).

3

I

n
i
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Table 2-4
Aiiesiment and Measurement Endpolnto

Manktiqne Harbor and River
Manlitique, Michigan

FMdlof
Guild

Assessment Endpolnt Endpolnt Objective Surrogate
Species or

x* ommumty

Metiurei of Exposure Meuurement
Endpolnt

Bnthlc
organisms

Benthio invertebralei we in importint
food source for many higher trophic
level predators. They alto provide an
i m p o r t a n t r o l e a i
decompoien/detritivorei in nutrient
cycling. Assessment endpolnt •
preservation of tht productivity (laxa
richness and abundance) of benthic
organisms.

Are PCBi levels In
sediment and surface water
adversely affecting benthic
and aquatic communltiei?

NA Comparison of sediment and
aqueous media concentrations with
toxicity-based screening values.

Protection of benthic
c o m m u n i t i e s f rom
reproductive or growth
impairment from direct
exposure to sediment and
surface water.

Omnivorous
flsb

Omnivorous fish are an important prey
item for higher trophic level predaton.
Through predation, they may also
regulate population levels in lower
trophic level fish and invertebrates.
Assessment tndpoint • preservation of
the productivity (taxa richness and
abundance) of omnivorous fish.

Are PCB levels in
sediment and surface water
adversely affecting fish
populations?

Are PCBs bioaccumulating
in fish?

Catfish
white sucker,

longnose
sucker,and

shoithead redhone

Tissue concentrations in fish.

SPMD assays

Protection of omnivorous
fish populations from
reproductive or growth
impairment from direct
exposure to sediment and
surface water.

Carnivorous
fish

Carnivorous fish provide an important
function for the aquatic environment by
regulating lower trophic populations
through predation. They are also an
important prey item for many top level
mammal and bird carnivores.
Assessment tndpoint • preservation of
the productivity (taxa richness and
abundance) of carnivorous fish.

Are PCBs in sediment and
surface water adversely
affecting carnivorous fish
populations?

Are PCBs bioaccumulating
in fish?

Walleye,
smallmouth bass

Tissue concentrations In fish.

SPMD assays

Protection of carnivorous
fish populations from
reproductive or growth
Impairment from direct
exposure to sediment and
surface water.
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Table 2-4
Assessment and Measurement Endpoints

Manistique Harbor and River

Manistiqne, Michigan

(Continued)

Manistique Harbor and River Site
Ecological Assessment Report
Section: 2
Revision: 1
Date: 2 March 2005
Page: 2-15 of 15

Feeding
Guild

Piscivorous
mammal

Assessment Endpoint

Carnivorous mammals provide an
important functional role to the
environment by regulating lower
trophic level prey populations.
Assessment endpoint = Survival,
growth, and reproduction of
piscivorus mammals.

Endpoint Objective

Are levels of PCBs in the
diet of the mink excess of
dietary levels indicative of
reproductive or growth
impairment in other
species of piscivorous
mammals?

Are levels of PCBs in the
sediments in excess of
levels indicative of
reproductive or growth
impairment in other
species of piscivorous
mammals?

Surrogate
Species or

Community

Mink

Measures of Exposure

Food-chain modeling and
comparison with TRVs.

Measurement
Endpoint

Protection of the mink
from reproductive or
growth impairment within
its foraging range from
exposure through their
diet.

Notes:
- Measurement endpoints are based on measures of exposure in me absence of site-specific field or toxicity testing.
. Endpoint objectives identify Ibe primary questions of adverse impact fliat are being asked for each target receptor.
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SECTIONS

SITE INVESTIGATION

A post-dredging site investigation was performed in September 2004 to collect the data and other

resources needed to perform human health and ecological risk ««aemaiiMitg for the post-dredging

conditions in the Manistique Harbor and River site. The Quality Assurance Project Plan (QAPP)

(WESTON 2004a) detailed the sampling activities mat would be completed to support the risk

assessments and a long-term monitoring program. A statistical sediment sampling strategy was

I

I

I

s
3
•i developed in the QAPP. The approximately 1.7 mile long reach of me Manistique Harbor and River

*l was divided into three distinct study areas, the River, Inner Harbor, and Outer Harbor, for the

*J puiposes of the investigation. Figure 3-1 illustrates the boundaries of these three areas. The

r« mvestigaticfiiesiinsaredmaiinentedmtte
J Evaluation Report (WESTON 2005). The sampling activities focused on die collection of physical,

"1 chemical, and biological samples. The environmental media sampled included sediment, surface

water, resident fish, caged fish, and semi-permeable membrane devices (SPMDs). All analytical data

*1 from this investigation is provided indie Data Evaluation Report (WESSON 2005). The focus of

die analysis for each environmental sample type is:

'"• • Sediment- to focus on changes in die areas with residual PCBs (*1 part per million),
known as the Area of Interest (AOI), with limited focus on areas with non-detected

J levels of PCBs, identified as UK Background Zone (BZ).

Surface Water - to determine if PCB concentrations in the water column are of
conceal and to evaluate the bioavailability of PCBs.

Adult Resident Fish - to evaluate risk through the fish consumption pathway*

Yearting Fish - to evaluate risk through the fish consumption pathway.

Caged Fish - to assess if sediment-bound PCBs are potentially available to aquatic
biota under the conditions in the field.

HWCMUVC\23a34SMS-3.Wn> RFW236-2A-ASQP
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• Semi-Permeable Membrane Device (SPMD) - to assess if sediment-bound PCBs are
potentially available to aquatic biota under the conditions in the field. SPMDs are
especially useful for situations where caged fish will not survive.

The field events were conducted during two mobilization events. The objective of the first

mobilization was to perform resident fish sampling, collect of collocated sediment and surface water

samples, and deploy of the caged fish and SPMDs. The first mobilization was performed from 22

to 30 August 2004. The objectives of the second mobilization included collection of sediment

samples from both BZ and AOI locations; sampling of surface water within the River, Inner Harbor,

and Outer Harbor areas, and the retrieval of the caged fish and SPMDs. The second mobilization

was performed from 7 September 2004 through 28 September 2004. The following subsections

present a brief description of the sampling approach for each environmental medium. Detailed

information on the site investigation and the analytical results in presented in the Quality Assurance

Project Plan (QAPP) (WESTON 2004a), the Field Summary Report (WESTON 2004b) and the

Data Evaluation Report (WESTON 2005).

3.1 SEDIMENT SAMPLING

The sampling design included the collection of 432 AOI samples, 100 BZ samples, and 10 sediment

samples collocated with the caged fish samples. All sediment samples were collected using ponar

sampling methodology, with a ponar dredge sampler used to collect a surficial sediment sample.

The sampling design provided the geographic coordinates for each sediment sampling location;

however, relocation of the sampling location was necessary in some instances to accommodate

physical barriers (rocks, wood planks, ect). In all cases, U.S. EPA FIELDS personnel operated a

global positioning system (GPS) unit and collected the geographic coordinate data at the actual

sampling locations.
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Of the 542 sediment locations contained in the sample design, 514 locations were successfully

• sampled. The remaining twenty eight locations could not be sampled due to: no sample recovery

(rocks, wood planks, ect) at 22 locations, sample locations outside of the study area at 4 locations

I (SD100,SD294,SD363, and SD429), a sample location collocated with another sample location (1

sample - SD009 and SD166), and a sample location way point accidentally deleted from file (1

S location-SD484). Sediment sampting locations are provided in Figure 3-2. The sediment samples

were submitted for analysis of PCBs through the U.S. EPA Contract Laboratory Program (CLP),

jj total organic carbon (TOQ through the U^. EPA Central Region Laboratory (CRL) and grain size

(approximately 10% of locations) through Coleman Engineering of Iron Mountain, Michigan. The

J QPuAotatoiy for flus investigation WK

1J 3.2 SURFACE WATER SAMMJNG

1
** SnHaee water aanipHng wag completed during both the first and aecnnd mohiKzatmn. The sampling

«« design included the collection of 30 grid locations selected from the River, mner Harbor, and Outer

*• Harbor (a total of 10 from each area) and twenty surface water samples collocated with the caged

"I fish samples (10 samples at cage deployment, 10 samples at cage recovery). An surface water

samples were collected using the peristaltic pump sampling methodology as described in the QAPP.

H At each sampling location, field measurements were collected for water depth and secchi disk

transparency, and at each 2 foot depth interval for water temperature, pH, specific conductance,

H dissolved oxygen (DOX and oirrentvetocity. U.S. EPA FIELDS r>ersonnd collected the geographic

coordinate dafr at each sampling location nsfaig a flPS unit.

e
Fifty surface water locations were proposed in the sample design; however, only 48 locations were

I successfully sampled. Two surface water samples (A2 and C2) were not collected at cage recovery

the caged fish samples were not recovered at these locations. Surface water sampling

RFW236-2A-ASQP
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locations are provided in Figure 3-3. The surface water samples were submitted for analysis of PCBs

through the CLP laboratory, and TOC, dissolved organic carbon, total dissolved solids (TDS), and

total suspended solids (TSS) through the U.S. EPA CRL.

3.3 FISH SAMPLING

3.3.1 Resident Fish

The sample design detailed in the QAPP called for the collection of a total of forty eight adult fish

(24 predator species and 24 bottom feeder species) and fifteen composite yearling samples (five

samples from each of the three areas, as identified in Figure 3-1. The target adult species were

catfish (Ictalurus punctatus) or carp (Cyprinus carpio) for the bottom feeder fish and walleye

(Stizostedion vitreum) for the predator fish. However, alternative species for both predator and

bottom feeder fish were acceptable in the event that an adequate number of target species fish could

not be obtained. These alternate fish species were listed in the Michigan Department of

Environmental Quality (MDEQ) GLEAS 31 Procedure (MDEQ 1995) and included northern pike

(Esox Indus), small mouth bass (Micropterus dolomieui), largemouthbass (Micropterus salmoides),

and rock bass (Ambloplites rupestris) as predator species and sucker species (Catostomidae sp.) as

bottom feeder species.

Electroshocking methods were used to collect the majority of the resident fish as outlined in the

QAPP. Additional methods utilized included trot line and fyke net fishing techniques. A total of

29 adult fish were caught and sampled (15 predator species and 14 bottom feeder species). Twenty-

six of the fish were caught in the River and three were caught in the Inner Harbor. Fish collection

did not yield any fish in the Outer Harbor. Fillet and carcass samples were then processed for each

adult fish caught Five yearling fish composite samples were also collected. Four of these samples

were comprised of predator species and one sample was comprised of bottom feeder species. The

yearling fish were grouped according to species and separated into groups large enough to provide

200 grams of sample. The fish tissue (adult fish fillet, adult fish carcass, and yearling composite)
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were submitted for analysis of PCBs,hjrids, and riwisture content throiigh the CLP. The dorsal fin

• samples were submitted to the Like Superior State University Aquatic Research Laboratory for age

DMe2ltech200S

3.3.2 Caged Fbh

1
The caged fish samples were deployed at die end of die first mobUization (26-27 August 2004) and

J were retrieved towards the end ofdie second mobUization (23- 24 September 2004). The caged fish

were deployed for a period of 28 days. Stone Creek, Inc. of Grant, Michigan supplied die channel

J catfish and die fish cages used for die study. Prior to deploying die caged fish, collocated surface

water and sediment samples were collected at die planned location. The field parameters collected

J during tins MmpHng were used to evaluate whether or not die location was suitable for die

deployment of die caged fish. The caged fish were then deployed at die location and geographic

J position data were collected by ILS. EPA FIELDS. Caged fish locations Al and A2 were adjusted

_ because die originally planned locations were not deep enough to ensure diat die cages would be

J fully submerged. The deployment locations of Al and A2 were selected to ensure one location was

3 present in die AOI (location Al) and one location was present in the BZ (location A2). Caged

fisn/SPMD sampling locations are pieaeiited in Figure 3-4. Each cage was weighted and deployed

«| from a boat piloted by U.S. EPA FIELDS. Cages Bl, B2, Dl, and A2 were redeployed after the

cages were disturbed by ehlier fishing activities or strong storm surge; cage Al was lost at diis time.

• The cage at A2 was redeployed at location Al since location Al is within the AOL U^. EPA divers

assisted with die retrieval of die fish cages from 23-24 September 2004. All but two fish cages

flj wereiecovered(diecageorigmalrydcployedAl and the cage deployed at C2). Fish were recovered

from die following cages: Bl (IS fish recovered; 4 replicate samples), B2 (7 fish recovered; 2

I lepficatesampksXDl (24 fish recovered; 6 replicate samples), and E2 (27 fishrecovered; 7 replicate

samples). Cages Cl and El were damaged and did not contain fish. All recovered fish were

fj measured, weighed, and inspected for any deformities. The fish recovered from a cage location were

t\WGMtAOZ3C04CMS-3.WPD RFW236-2A-ASQP
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separated into groups large enough to provide 200 grams of sample (as many replicate samples as

possible were prepared from each cage) and the fish were submitted for analysis of PCBs and lipids

through the U.S. EPA CLP.

3.3.3 Semi-Permeable Membrane Device

The SPMDs were deployed at the same time and at the same locations as the caged fish. In general,

six SMPDs were deployed in each cage, with the exception of four SPMDs deployed at B1 location

and five SPMDs deployed at A2 location. At each location, three SPMDs were deployed along the

horizontal plane (relative to the river/harbor floor) and three were deployed vertically in the water

column. At locations C1, E1, and E2, the vertical SPMDs were mounted on a P VC pipe (5 to 10 feet

in length) extending up from the cage. At the other locations, the vertical SPMDs were mounted on

the fish cage, approximately two feet from the bottom of the cage. The SPMDs were deployed

following the procedures listed in the QAPP. Two field atmospheric field blank samples were

located approximately 15 feet above the ground at opposite ends of the harbor for the duration of the

SPMD deployment.

As previously discussed, cages B1, B2, D1, and A2 were redeployed after the cages were disturbed

by either fishing activities or strong storm surge. At locations Dl and A2, only the SPMDs were

redeployed because the fish did not survive. The cage recovered along the beach (A2 location) was

redeployed at the Al location to ensure that at least one pan: of SPMDs were located in the AOI in

the western portion of the Outer Harbor.

From 23 - 24 September 2004, the SPMDs were recovered from all locations except A2 and C2. In

addition, the vertical SPMD was not recovered at location B2. While the cage that was originally

deployed at the Al location was not recovered (only the redeployed fish cage from the A2 location

was found in this area), one canister was found in the vicinity of the Al location. The three SPMDs

I:\WO\RAC\236\34880S-3.WPD RFW236-2A-ASQP

This document was prepared by Roy F. Weston, Inc, expressly for U.S. EPA. It shall not be released or disclosed la whole or In part without
the express, written permission oflLS. EPA.



3
3

1
a
i
i
3

**- -*- - -- -* fk£^w «?._HHDOT1BQ KnCr 2HK
DCBt Report

3
3

in this canister were submitted for analysis as samples MH1-SPA1-07 through 09. The U.S. EPA

• divers observed me cages at locations Cl, El, and E2 (cages with PVC extensions for me vertical

SPMDs) were on their side.

I
Following their retrieval, the SPMDs were sent to STS Laboratories for cleanup and dialysis

• (extraction). The extract was forwarded to a CLP laboratory for analysis of PCBs.

a
9

RFW236-2A-ASQP



1
'}

FIGURES



1
*

I

I
Harbor and River Outlines

n Inner Harbor

Jl Outer Harbor

"""I River

Notes: Coordinates: UTM, Nad83, 2one16, Meters

wot* Assignment No. 236-TATAJ15FV
Document Control No. RFW236-2F-ASQP

400 Feet
Weston Solutions, Inc.
750 E. Bunker Ct.
Suite 500

* '• Vemon Hills. IL 60061

River, Inner Harbor, and
Outer Harbor Location Map

Manistique Harbor, Michigan

| Figure 3-1



Sediment Samples
o BZ Locations randomly selected
« AOI Locations

/\/ Manistique-50-ft-triangles
Harbor and River Outline

Interpolated 2001/2002 PCB Values (ppm)
0-0.5
0.5-10
10-100
100 - 200
200 - 300
300 - 545

Worti Assignment No. 230-TftTfl-OSFV
Document Contra! No. RR/V236.2F-ASQP

Notes:
50ft Triangular Sediment Grid

Weston Solutions, Inc.
750 E. Bunker Ct.
Suite 300
Vemon Hills. IL 60061

Sediment Sampling Location Map

Manistique Harbor, MichiganCoordinates: UTM, Nad83, Zone16, Meters



• Surface Water Samples
Harbor and River Outlines

|̂ 3 lnner Harbor
2 Outer Harbor
1 River

Notes:
Coordinates: UTM, Nad83, Zonal 6, Meters

Work Assignment No. S3S-TATA-05FV
Document Control No. RFW236-2F-ASQP

400 Feet
Weston Solutions, Inc.
750 E. Bunker Ct.
Suite 500

- Vemon Hills. IL 60061

j Figure 3-3

Surface Water Sampling Location Map

Manistique Harbor, Michigan



Work Assignment No. 236-TATA-05FV
Document Control No. RFW236-2F-ASQP

A Actual Deployment Locations of Caged Fish and SPMD
m Planned Deployment Locations of Caged Fish and SPMD

© Redeployment Locations of Caged Fish and SPMD
Contours 2003 (ft)
\ / 0

1
A ' 2
A".-' 3
A/ 4

/8
A/9
A/ 10
A/11
A/ 12

A/ 1"
A/15

XV 16

A/17

A/ is
A/ 20
A/21

A/ 22
A/ 23
A/ 24

A/25
Interpolated 2001/2002 PCB values (ppm)

0 - 0.5
0.5-10
10-100
100 - 200

I 200 - 300
300 - 545

Notes:

PCB Data is top 6 inches, interpolated PCB values.
2001 Contamination Assessment plus 2002 sampling.
Data was collected by USEPA FIELDS.

Coordinates: UTM, Nad83, Zone16, Meters

400 Feet
Western Solutions. Inc.
750 E. Bunker Ct.
Suite 500
Vemon Hills. IL 60061 ICaged Fish/SPMD Sampling Location Map

Manistique Harbor, Michigan



Manistique Harbor and River Site
Ecological Assessment Report
Section: 4
Revision: 1
Date: 2 March 2005
Page: 4-1 of 11

SECTION 4

CHARACTERIZATION OF EXPOSURE

The characterization of exposure identifies the magnitude and frequency by which target receptors

are exposed to contaminants that have migrated or may potentially migrate through various exposure

pathways. This involves site-specific quantification of the levels of contaminants present in the

environment as well as site-specific quantification of the levels of contaminants that maybe entering

each individual target receptor. The specific objectives of this characterization step are to identify

the following:

• Magnitude and frequency of environmental exposures.
• Magnitude and frequency of receptor intake.

4.1 ESTIMATION OF ENVIRONMENTAL EXPOSURE

Estimation of environmental exposure involves the quantification of contaminants at the point of

likely receptor exposure. Contaminant concentrations at these points (called exposure point

concentrations or EPCs) are critical in determining constituent intake and subsequent risk to target

receptors. EPCs are developed by the habitat and target receptors identified in the problem

formulation. The exposure point concentration is intended to represent a reasonable maximum

estimate of the concentration a receptor is likely to be exposed to over time. This approach to

characterizing exposure facilitates the prioritization of risk management decisions for areas where

ecological receptors are more likely to occur. The fish tissue and sediment data, including EPCs,

are summarized in Table 4-1. All data used in the ERA (i.e., sediment and fish tissue) is presented

in Appendix A.
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4.1.1

Two exposure point ooncentndoiis were evaluated for beothic organism exposure to sediment - die

arithmetic average concentration and the 95 percent upper confidence limit (95% UCL) on the

arithmetic mean. The 95% UCL was calculated according to the distribution assumption of the

dataset (Le-» normal, lognormal, distribution-free) using EPA's ProUCL (Version 3.0) software

(US. EPA, 2003b). For exposure ofbentfaic organisms, all sediment locations in the harbor andriver

were used in the EPC calculations. In addition, sediment data was summarized by location (Le.,

inner harbor, outer harbor, and river).

<* Two exposure point concentrations were evaluated for higher level organism exposure to sediment-

-* the mMimimi detected concentration and the 95% UCL on the arithmetic mean. The highest

~j concentration of duplicate samples was used in the 95% UCL calculations. The 95 % UCL was

calculated according to the distribution of the dataset (Le-> normal, lognormal, distribution-free)

H using EPA's ProUCL (Version 3.0) software (U.S. EPA, 2003b). The depth of the water in the

harbor and river will restrict wildlife access to sediment Higher level organism exposure to

"I aadinM-nlit rmaiAfrx only Amur MmpW-a rallprtflH ftomn Warfinmg witfr y water A-pflf nf l̂ gf «fv»" ftf

equal to four feet Thus, all sample locationswim deeper water depths were not included in the EPC

calculations. Maximum and average sediment concentrations are evaluated to account for possible

4.1 J Surface Water

PCBs were not detected in surface water at concentrations above method detection limits. This

environmental medium is not evaluated further.

ttWO\RACVZMO4S»»-S4.WFD RFW236-2A-ASQP
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4.1.3 Tissue

The target receptors associated with the Manistique Harbor and River site are exposed through the

ingestion of constituents in their food, called dietary exposure. Dietary exposure can occur with

constituents that have migrated from the contaminants in environmental media into plant and animal

tissues. This process of migration and exposure through the diet is called "food-chain

bioaccumulation." Constituents are often measured directly in tissues as a way to estimate the

exposure a target receptor might receive in their diet. Field measured tissue data was collected

including adult and yearling resident fish. Fish tissue was collected from bottomfeeder (trophic level

3) and predator (trophic level 4) species. The target adult species were catfish or carp (Cyprinus

carpid) for the bottomfeeder fish and walleye for the predator fish. However, alternative species for

both bottomfeeder and predator species were collected because an adequate number of target species

fish could not be obtained. A total of 29 adult fish were caught and sampled (15 predators and 14

bottomfeeders). Bottomfeeder species collected included catfish (Ictaluruspunctatus), white sucker
*

(Catostomus commersonii), longnose sucker (Catostomus catostomus), and shorthead redhorse

(Moxostoma macrolepidoturri). Predator species collected included walleye (Stizostedion vitreuni)

and smallmouth bass (Micropterus dolomieui). Yearling composite samples included walleye, rock

bass (Ambloplites rupestris), shorthead redhorse, and small mouth bass.

Two exposure point concentrations were evaluated for fish - the maximum detected concentration

and the 95% UCL on the arithmetic mean. The highest concentration of duplicate samples was used

in the 95% UCL calculations. The 95% UCL was calculated according to the distribution of the

dataset (i.e., normal, lognormal, distribution-free) usingEPA's ProUCL (Version 3.0) software (U.S.

EPA, 2003b). Bioaccumulation of PCBs differs by fish species, so both maximum and average

concentrations are evaluated to account for species differences. Whole fish concentrations were

calculated based on the relative wet weights of the tissues. The PCB concentrations in the fillet and

in the carcass were multiplied by their individual wet weights, the two products were added and then

divided by the total fish wet weight. Non-detects were included at one-half the detection limit.
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Composite whole fish samples were collected for yearling fish. Smce wildlife consumes differing

• amounts of fish based on the trophic level of the fish, fish tissue was segregated into bottomfeeders

(trophic level 3) and predators (trophic level 4).

I
4.2 ESTIMATION OF RECEPTOR UPTAKEi
For target receptors or cotnmnnities that are exposed directly to the media mwhkh they live (such

• as bentinc invertebrate and fish), uptake is expressed in terms of measured cojicentrations of

_ .^uwMMuui in the media in which they reside (for example the concentrationof constituents in

«J tare used todmsctiy estimate the intake received by bentmc organisms). For target receptors
*!__»mat are exposed throii^ the mgBstion, inhalation, or dermal contact exposure routes, daUyexposure

intake models were developed which enpietw exposure in ******* of constituent intake per kilogram

-^ ofbodyweightperday(mg/kg-day). Whi|edermal mntart and inhalarioncan contributesignificant

constituent npt«i» to a receptor's total intake, limited hi formation exists for quantifying these

-l exposure routes when compared to the currert availably

Tnmtt Miry ingMdinn mndrfg year- nami tn ffgrimat* unfair* hy avian and mammalian nwpforg

1
«J The algorithm usedtocalculate exposureofavian and mammalian target receptors through mgesfaon

mm of sediment and tissue follows the generic equation presented above and is described as follows:

3 (C ^ x HL^_\ x DCF x SUF
£ Q T ^ = V J-

^ BW
m ^nere:

^>/ - = Estimated daily intake of constituent through sediment or tissue ingestion
mm (mg/kg/dayX normafized for body weight

Cmlit^ - Concentration of constituent in sediment or tissue (dry or wet weight basis)
• (mg/kg).

RFW236-2A-ASQP
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= Ingestion rate of sediment or tissue by receptor (dry or wet weight basis, on a
consistent basis with the constituent concentration) (kilograms/day). For ingestion
rates reported on a wet weight basis, calculation of ingestion rate on a dry weight
basis is as follows:

= IR^ x (l - % moisture) (U.S. EPA 1993b).

DCF = Dietary Composition Factor (assumed percent dietary intake from the
site).

SUF = Site Use Factor (assumed percent use of the site).

BW = Body Weight (kilograms).

Wet weight tissue concentrations can be converted to dry weight using the following equation (U.S.

EPA, 1993b):

%Solids

where:
= Concentration in tissue (dry weight).
= Concentration in tissue (wet weight)

% Solids =1-% Moisture

Total ingestion exposure for a target receptor from multiple sources is considered cumulative. The

generic equation for ingesting multiple sources of constituents from food, sediment, and water can

be described as follows:

EDItotal = EDI,,̂  + EDIvater + EDIfood

where:
-ED/totti = Total estimated daily intake (mg/kg/day).
EDIK£metA = Estimated daily intake of constituent sediment ingestion (mg/kg/day).
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= Estimated dafly intake of constituent water mgestion (mg/kg/day).

|

£D/M = Estimated daily intake of constituent from Digestion of food, either forage or
prey (mg/kg/day).

I White dennal contact and inhalation cm contribote significant omstituent uptake to arecqptor's total

intake, tfaeae routes are not quantified because limited information exists for quantifying these

H exposure routes when compared to the current availability of infonnationforoaantifyingingestion.

Assumptions for each of the exposure parameters that comprise total mtakc were based on literature

tj as wdl as she-specific information.

Exposure parameters mat were considered in quantifying exposure to all target receptors are listed

below.

-J • Intake rates and body weights.
J • Dietary composing factor (percent).

• Tissue moisture (percent).
"1 • Site use factor (percent).

m this ERA, wholebody fish tissue has been assumed to compose 100 percent of a receptor's diet

J Specific intake equations and parameters for the target receptors selected in this risk assessment are

presented in detail in the sections below. ^

3
4*2.1 BaldEade

3
_ The baUeagk inhabits the ManistiqiKHaibor

• for assessment of potential food-chain bioaccumulation from sediments into sensitive species of

I piscrvorus birds. The ingestion offish and incidental ingestion of sediment represent the primary

routes of exposure to the eagle. While consumption of water is another potential exposure route,

0

1
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PCBs were not detected in this medium; thus, surface water intake was not evaluated for this target

receptor. The specific exposure parameters and references that were used in quantifying exposure

of the bald eagle are presented in Table 4-2.

4.2.2 Mink

The mink inhabits the Manistique Harbor and River AOC and was selected as a target receptor for

assessment of potential food-chain bioaccumulation from sediments into species of piscivorus

mammals. The ingestion offish and incidental ingestion of sediment represent the primary routes of

exposure to the mink. While consumption of water is another potential exposure route, PCBs were

not detected in this medium; thus, surface water intake was not evaluated for this target receptor. The

specific exposure parameters and references that were used in quantifying exposure of the mink are

presented in Table 4-3.
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0151
O27

Sd)UCL
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TABLE 4-1 (Coatiued)

DATA SUMMARY

MANISTIQUE HARBOR AND RIVER SITE

MANISTIQUE, SCHOOLCRAFT COUNTY, MICHIGAN

Analyte
Detected
Samples Units

Detected Concentration

Minimum I Maximum
QuanttatkxiUmtt

Minimum 1 Maximum Mean Standard Deviation Distribution 95UCL* Basis

YEARLING HSH TISSUE
Yearling Redder* TL-3

ArodorlOie
Arodor1221
Arodor1232
Arodor1242
Arodor1248
Arodor1254
Arodor1260
Total PCB»

AradorlOie
Arodor1221
Arodor1232
Aroctor1242

• -xtor1248
tyflor12S4
^̂ Bbtnr 4OAAnUUUT 1«£DU

ToMPCB*

0/1
0/1
0/1
0/1
0/1
0/1
0/1
0/1

0/4
OH
OH
OH

OH
2/4
1/4
2/4

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

ug/kg
ug/kg
ug*g
ug/kg

ug/kg
ug/kg 140
ug/kg
ug/kg 140

-
—

——

—
—
'—
—

-
—
—
—

_

160
39
199

99
200
99
99
99
99
99
99

98
200
99
99

99
99
99
99

99
200
99
99
99
99
99
99
Year*

99
200
99
99

99
99
99
99

- -
— —

— —
— —
— —
— —
— —
— —

ig Resident TL-4
-
— —
— —
— —

_

150

169.S

_ _ _
_ _ _

— _ _
— _ _
— _ _'
_ _ _

— _ __ _ _

_ _
_ _ _
_ _ _

- - —

_

- - -

- -

• Calculated urtig ProUCL varalon 3.0 (U.S. EPA. 20036)
NA-NolMataMe.
Al IWi UMM presented on a wot weight basis.
Mt Mdbnant praMrtad on • dry weight batl*.
Only »*mpto locations with wrtar depth lost
* PCBa ware not detected In ample* ooHectod from the Inner harbor

TL-3" Trophic Lave) 3.
TIM-TrophicLevel 4.
95 UCL • 96 percent upper confidence limit.
ug/kg • mlcrogram per fcHogram.
ug/L » mlcrogram per liter.
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Table 4-2
Paruwten Used u Bald Eagle Intake Calcvlatiou

Maabtkpu Harbor aid River Site
Maafatiqae, Mkhigma

*n«-fer
Intake Rate*,.

lnj«.l j iTii-r

IntaV* Dal*uinuoe tuuc.̂

Ttmnr mm****

D i e t a r y
c Ainnoft i ti on

factor

€"•» *oitc me lacHM1

Adolt body
wnotit

Average
Ad«K
Total -

047883*
TL3 - OJ71;
TM- 0.0929;
PB- 0.00283

Other -
0.0121

0001125

O i£n.IOU

76.5
(62.5-80.8)

100

1AA1UU

4.6

I/Bits
kg/day

fwet
weight)

Vv/dzvKH/u«y
(dry

weight)

f /<WuL/uky

IVnrjjLl

Percent

1>B..l..lliTiceut

kg

RefereMc/Notn
From Table D-2, Exposure Parameters for the Five
Bf jMrjiriilJili vt" SnurWac lifcntiliril fiirPiiilM^iflii FPA 1005
Final Water Quality Guidance for the Great Lakes System, 40
CFR Parts 9, 122, 123, 131and 132, 23 March 1995.

at 1% of dry weight total ingestkn rate, where:
n^ - ^ -= IR .̂,̂  0.01
n> ^ in j^ /"f v AI fin-M4rf i nv>\

T* T* LI l^k *% ¥* T* . 4» «v_ T1*

Final Water Quality Guidance forme Great Lakes System, 40
CFR Parts 9. 122, 123, 131and 132, 23 March 1995.
Awnoe nf all fich ticmfr ?>«» Tflihle A-^_

Based on a conservative assumption of 100% dietary intake

food type).
Tfe J A^ f ' *Based on a conservative foraging territory range
enoouajassiug the site.
From Table D-2, Exposure Paiaiuetm for the Five

Final Water Quality Guidance for the Great Lakes System, 40
CFR Parts 9. 122. 123. Bland 132. 23 March 1995.

TU
TU
PB

RFW236-2A-ASQP
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Table 4-3
Parameters Used in Mink Intake Calculations

Manistique Harbor and River Site
Manistique, Michigan

Parameter
Intake Rate,̂

Intake Rate.afe,,*

Intake Ratew-er

Tissue moisture

Trophic level of
prey

Dietary
composition
factor

Site use factor

Adult body
weight

Average
Adult

Total - 0.1767;
TL3 - 0.159

Other- 0.0177

0.000415

0.081

76.5
(62.5 - 80.8)
TL3 - 90;
Other -10

100

100

0.80

Units
kg/day

(wet
weight)

kg/day
(dry

weight)

L/day

Percent

Percent
of diet

Percent

Percent

kg

Reference/Notes
From Table D-2, Exposure Parameters for the Five
Representative Species Identified for Protection, EPA, 1 995.
Final Water Quality Guidance for the Great Lakes System,
40 CFR Parts 9, 122, 123, 131and 132, 23 March 1995.
Ingestion of sediment is negligible; conservatively estimated
at 1% of dry weight total ingestion rate, where:
IRxlim.nt.Ay - IRti««,tyX 0.01
IR««»^ = IRri^.^ x (1 - % moisture)
From Table D-2, Exposure Parameters for the Five
Representative Species Identified for Protection, EPA, 1 995.
Final Water Quality Guidance for the Great Lakes System,
40 CFR Parts 9, 122, 123, Bland 132, 23 March 1995.
Average of all fish tissue; See Table A-2.

From Table D-2, Exposure Parameters for the Five
Representative Species Identified for Protection, EPA, 1995.
Final Water Quality Guidance for the Great Lakes System,
40 CFR Parts 9, 122, 123, 13land 132, 23 March 1995.
Based on a conservative assumption of 100% dietary intake
from the site; assumes 100% intake of most contaminated
fraction (i.e., highest contaminant concentration regardless
of food type).
Based on a conservative foraging territory range
encompassing the site.
From Table D-2, Exposure Parameters for the Five
Representative Species Identified for Protection, EPA, 1 995 .
Final Water Quality Guidance for the Great Lakes System,
40 CFR Parts 9. 122. 123, 131and 132. 23 March 1995.

Note:
kg
m
WT
TL3
TLA
PB
Other

Kilograms
Intake Rate
Weight
Trophic level 3 fish
Trophic level 4 fish
Piscivorous birds
non-aquatic birds and mammals

I:\WO\RACV236\34880-S4-2andT4-3.WPD RFW236-2A-ASQP
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SECTIONS

CHARACTERIZATION OF EFFECTS

The ecological effects characterization presents information on IbetoxicityoftbePCBs to ecological

species in more detafl. A lexicological profile of PCBs is provided in Appendix C. This toxicity

mformation has been specifically used to develop toxicity reference values (TRVs) for the selected

Scientific Iheraturewere reviewed for media-specific and species-

specific toxicity data. TRVs based on media concentrations are used for fish and benlhic organisms

and TRVs based on dose are used for bird and mammal receptors. TRVs were obtained from die

souices hsted below.

j • Oak Ridge National Laboratory (ORNL) Risk Assessment mformation System
(RAB) on-fine database (http7/^istlsdornl.gov/rap hp^html).

J • U.S. EPA Region 9 Biological Technical Assessment Group (BTAG)
flittnV/www.o^tsc.ca.gDV/ScienceTcchnologv/ecohtmltfRTAG)

• Final Baseline Human Health and Ecological Risk Assessment LowerFoxRrverand
Green Bay, Wisconsin. Remedial Investigation and Feasibility Study (The Retec
610110,2002).

• U.S. Army Corps of Engineers/U.S. Environmental Protection Agency
E n v i r o n m e n t a l R e s i d u e - E f f e c t s Database (ERED).
(http-y/www.we&arjnyjnil/el/ered)

5.1 DERIVATION OF TRVs FOR BENTHIC ORGANISMS AND FISH

TRVs based on media concentrations are not specific to individual species but instead are applicable

to groups of organisms or communities occupvuig me same medium (e.g^ invettebrales in sediment,

aquatic biota in surface water). For example, ambient water quality criteria for chemicals in surface

water are dffjgp«f to be protective of all aquatic biota occupying the same aquatic community or

body of water. TRVs based on media concentrations are expressed as a concentration (e.g., mg-

dtemkal/kg-sediment).

p ii •lull ii «f US. ETA.

RFW236-2A-ASQP
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5.1.1 Sediment TRVs

Various agencies have developed sediment quality criteria and benchmarks for the assessment of

toxicological effects on sediment-associated biota (ORNL 2004). Note that these benchmarks are

not remediation goals; remediation goals must consider the adverse effects on habitat and

I remobilization of contaminants caused by removal or remediation of sediments (Jones et al., 1996).

The sediment benchmarks should not be considered as the sole measure of sediment toxicity, rather,

I field studies and toxicity tests are primary indicators of sediment toxicity (Jones et al., 1996). The

I (y^ sediment benchmarks provide a means for determining which chemicals are most likely causing

I toxicity as presented in Jones et al. (1996). The use of multiple benchmarks also provides an

I indication of the likelihood and nature of effects. For example, exceedance of only one

' conservatively estimated benchmark may provide weak evidence of real effects, whereas exceedance

I of multiple benchmarks of varying conservatism may provide strong evidence of real effects (Jones
i

etal., 1996). Sediment benchmarks are presented in Table 5-1.

The sediment benchmarks were obtained from the ORNL RAIS (2004) database, and are a

i compilation of the following sources (ORNL, 2004):
,

V
i Assessment and Remediation of Contaminated Sediments (ARCS) Program

Source: U.S. Environmental Protection Agency. 1996a. Calculation and evaluation
of sediment effect concentrations for the amphipod Hyalella azteca and the midge
Chironomus riparius. EPA 905/R96/008. Great Lakes National Program Office,
Chicago, EL. http://www.cerc.usgs.gov/clearinghouse/data/brdcerc0004.html)
(http://www.cerc.usgs.gov/pubs/sedtox/sec-dev.html)

The majority of the data are for freshwater sediments. The representative effect
concentration selected from among the high no-effect-concentrations (NEC) for
Hyalella azteca and Chironomus riparius are presented in U.S. EPA (1996a). It is
a concentration above which statistically significant adverse biological effects always
occur. Effects may occur below these levels (U.S. EPA, 1996a).

I:\WO\RAC\236\34880-S5.WPD RFW236-2A-ASQP
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The representative effect concentration selected from among the ER-LsandTELsfor
Hyaletta azteca and Chirononaa riparius are presented in U.S. EPA (1996a). The
TEC is the geometric mean of die 15th percentile in the effects data set and the 50th
percenble in the no effects data set. It is a concentration that represents the upper
hmh of the range dominated by no effects data. Concentrations above the TEC may
result in adverse effects to these organisms; concentrations below die TEC are
unlikely to result in adverse effects.These are possible-effects benchmarks (U.S.
EPA, 1996a).

The representative effect concentration selected from among the ER-Ms and PELs
for Hyulefla azteca and Chironoin^ riparius arcprcseptedinl}^. EPA(1996a). The
PEC is the geometric mean of the 50* percentile in the effects data set and the 85th
percentile in the no effects data set It represents the lower hmit of the range of

illy associated with adverse effects. A concentration greater thanBOOS USUal

the PEC is likely to result in adverse effects to these organisms. These are probable-
effects benchm

CaHadiu ISQG ud PEL

Environmental Quality Guidelines
page at http://www.ec.gc.ca/ceojj-TCqe/EngUsh/CJeojj/Sedm and
http^/www.ccme.ca/asscts/pd£7el 06.pdf. Updated 2002.

The Water Quality Guidelines Task Group of the Canadian Council of Ministers of
die Environment (CCME) developed chemical concentrations mrnmiiM-nA*i to
support and maintain aquatic tife associated with bed sediments. These values are
derived from available scientific information on biological effects of sediment-
associated chemicals *"d are intended to support the functioning of ln?allhy
ecosystems. The Sedfoentquatity guidelines protocol relies on the National Status
and Trends Program approach and the Spiked-Sediment Toxkity Test approach. The
Interim Sediment Quality Guidelines (ISQG) correspond to threshold level effects
bdow which adverse biological effects are not expected. The Probable Effects
Levels (PEL) correspond to concentrations above which adverse biological effects
are frequently found.

CoMscasM PEC aad TEC

Source: MacDonald, DX>., C.G. fagersoll, and T.A. Berger. 2000. "Development
and evaluation of consensus-based sediment quality guidelines for freshwater
ecosystems". Arch. Environ. Contain. Taricol. 39:20-31.

RFW236-2A-ASQP
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Consensus-based Sediment Quality Guidelines (SQG) represent the geometric mean
of published SQGs from a variety of sources. Sources for Probable Effect
Concentrations (PEC) include probable effect levels, effect range median values,
severe effect levels, and toxic effect thresholds (see MacDonald et al. 2000 for
references). PECs are intended to identify contaminant concentrations above which
harmful effects on sediment-dwelling organisms are expected to occur more often
than not. TECs are intended to identify contaminant concentrations below which
harmful effects on sediment-dwelling organisms are not expected.

EPA Region 4

i
Source: U.S. Environmental Protection Agency Region IV. 1995b. Ecological
screening values, Ecological Risk Assessment Bulletin No. 2, Waste Management
D i v i s i o n . A t l a n t a , G e o r g i a . ( s u p e r c e d e d b y
http://www.epa.gov/region04/waste/ots/ecolbul.htniTftbl3).

The higher of the EPA Contract Laboratory Program Practical Quantitation Limit and
the Effects Value, which is the lower of the ER-L and the TEL. These are possible
effects benchmarks.

EPA Region 5 ESLs - Sediment

Source: U.S. Environmental Protection Agency Region V. 2003a. August 2003
revision of the ESLs (formerly EDQLs) at http://www.epa.gov/reg5rcra/ca/ESL.pdf

The ESL reference database consists of Region 5 media-specific (soil, water,
sediment, and air) Ecological Screening Levels (ESLs) for RCRA Appendix DC
hazardous constituents. The ESLs are initial screening levels with which the site
contaminant concentrations can be compared. The ESLs help to focus the
investigation on those areas and chemicals that are most likely to pose an
unacceptable risk to the environment. ESLs also impact the data requirements for the
planning and implementation of field investigations. ESLs alone are not intended to
serve as cleanup levels.

EPA Region 6 Ecological Screening Benchmarks: Freshwater Sediment

Source: Texas Natural Resource Conservation Commission. 2001. Guidance for
Conducting Ecological Risk Assessments at Remediation Sites in Texas. Toxicology
and Risk Assessment Section, Texas Natural Resource Conservation Commission,
Austin, TX. RG-263 (revised).

I:\WO\RAC\236\34880-S5.WPD RFW236-2A-ASQP
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I
U.S. EPA Region 6 recommends use ofbenchmarks developed for me Texas Natural

I Resource Conservation Commission (TCEQ, 2001). These benchmarks are
ouuscfvau'vesaeciimglevdvahieshTlendcdtote
were compiled from a prioritized Hst of published values. The benchmark for PCBs

• is the Lowest Effects Levels (LELs) from Persaud etaL (1993).

FDEP TEL and PEL

3** Sources: Long. EJL and L.G. Morgan 1990. The potential for biological effects of
sediment-sorbed contaminants tested in the National Status and Trends Program.

| NOAA Technical Memorandum NOSOMA 52. National Oceank and Atmospheric
m Administration. Seattle, WA.

j MacDonald,DX>. 1994. Approach to the Assessinent of Sediment Quality in Florida
Coastal Waters. Office of Water Policy, Florida Department of Environmental

M B P r o t e c t i o n , T a l l a h a s s e e , F l o r i d a .

Sediment quality aftftfnainmt guidelines developed for the State of Florida for 34
priority substances based on the approach recommended by Long and Morgan
(1990). They are intended In •«««* Mttitnent quality agMMmiMil applications mrh

as identifying priority areas for non-point source management actions, designing
w-rianH rrstmttem pwyrt^ and mnnitnring trmHc in t-nvtmntngnfaii rnntainiiMtwin

They are not intended to be used as sediment quality criteria.

NOAA ERL aid ERM

Source: NOAA's National Status and Trends Program, Effects range law (ERL) and
effects range median (ERM) Sediment Quality Guidelines.

3
Ontario Low and Severe

H Source: Persaud, D, R. Jaagnmagi, and A. Hayton. 1993. Guidelines for the
Protection and Management of Aquatic Sediment Quality in Ontario. Ontario

• Ministry of the Environment and Energy. August ISBN 0-7729-9248-7. (Available

3

"1

i •( US. ETA.
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OSWER

Source: U.S. Environmental Protection Agency. 1996b. Ecotox thresholds. ECO
Update 3 (2): 1-12. Office of Solid Waste and Emergency Response.
(http://www.epa. gov/superfund/programs/risk/eco_updt.pdf)

5.1.2 Fish Tissue TRVs

Exposure of fish to potentially deleterious concentrations of PCBs is evaluated based on tissue

residues. The U.S. Army Corps of Engineers/U.S. Environmental Protection Agency (2004) has

established the Environmental Residue-Effects Database (BRED), which is a compilation of data,

taken from the literature, where biological effects (e.g., reduced survival, growth, etc.) and tissue

contaminant concentrations were simultaneously measured in the same organism. The database

contains information on a broad range of biological effects caused by the presence of a particular

contaminant in the tissue of an organism, from the induction of particular enzymes or enzyme

systems to whole-organism effects on survival, growth, or reproduction. Currently, the database is

limited to those instances where biological effects observed in an organism are linked to a specific

contaminant within its tissues. This database was searched for PCB effects on fish. Effects

concentrations for PCBs in whole body and fillet body parts are summarized in Appendix B. Both

no effect TRVs and effect TRVs for fish exposure were selected from the ERED database based on

the similarity of the test species and the target species for this site. For the bottomfeeder (i.e.,

omnivorous) species, the lowest whole body tissue concentration of 0.14 mg/kg PCBs in zebra danio

(Danio rerio) was selected as the no effect TRY. This is the lowest no observed effect dose (NOED)

for reproduction and mortality of the omnivorous test species. The lowest LOED for reproduction

and mortality was 1.1 m/kg for the zebra danio and was selected as the effect TRY for the

omnivorous bottomfeeders. For salmonid species, NOEDs range from 0.16 mg/kg for growth in

juvenile chinook salmon (Oncorhynchus tshawytscha) to 81 mg/kg for growth and survival of

juvenile rainbow trout (Oncorhynchus mykiss). The median of the ordered NOEDs (0.98 mg/kg for

mortality of chinook salmon) juveniles was selected as the no effect TRY for predator (carnivorous)

species. The LOED of 2.3 mg/kg for growth of coho salmon (Oncorhynchus kisutch) was used as

I:\WO\RAC\236\34880-S5.WPD RFW236-2A-ASQP
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the effect TRV for predator (carnivorous) species. In channel catfish fmgerlings, a whole body tissue

• concentration of 2.172 mg/kg was me NOED for mortality while for imniature catfish, the whole

body tisse concentration of 14 J was the LOED for growth. Since tenacity data was available for

I channel catfish, these values were used as die no effect TRV and the effect TRV for mis species.

TRVs for target fish species are summarized in Table 5-2

Su2 DERIVATION OF TRVi FOR BIRDS AND MAMMALS

TRVs presented in the form of an acceptable daily dose are based on field and laboratory tests for

birds, mammal* or other organisms and indicate the absence or presence of adverse ecological

hnp**^ For example, daily doses for mammal species such as mice, rats, or dogs are readily

available in the literature for many chemicals at levels often indicative of adverse effects. For

chemical exposures, dose is expiessed in mg-constituent/kg-body weight/day as an administered

dose (mg/kg-bw/day). There are no U.S. EPA-established, acceptable daily doses for ecological

lecepftms, therefore, dose-based TRVs were developed from the available scientific liUaaluie.

The derivation of toricity reference values for the bird and mammal target receptors is based on the

methodology outlined in the Review of the Navy - EPA Region 9 BTAG Toxitity Reference Values

for Wildlife document as prepared for the ILS. Army Biological Technical Assistance Group and

US. Army Corps of Engineers by CH2M Hill (2000). The BTAG has developed TRVs for

mammal* and birds for 20 chemicals, with the most recent recommended values presented in a

11/21/2002 revision. The no effect TRV is consistent with a chronic no-effect level; the no-effect

level is the highest dose at which no effect to the test organism was observed. The effect TRV is

f*»«Mttff? with a low effect level An effect level is the dose at which a specific biological effect

wasseenmtfelaboratorytest organism. Effect TRVs were selected from approximately the middle

range of all subkthal effects for a particular chemical.

tAWO\RAC\2MB4afrS5.WPD RFW236-2A-ASQP
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Allometric modeling from Sample and Arenal (1999) was used for interspecies extrapolations (when

the test species is different from the wildlife or target receptor species). Body weights for test

organisms were based on those from the actual test study whenever possible. When body weights

were not available for the actual test species, then the weight of the same species from another study

was used. The equation presented below was used to estimate the TRY for target bird and mammal

species.

BW
TRY -TRY ""test species
-1 •"•r wildlife species ~ * *^r test species

""•wildlife species

where:

^ajfc spedet = TRY for target avian or mammalian wildlife species.

^ lpecies = NOAEL for avian or mammalian test species.

pe,.̂  = body weight of avian or mammalian test species.

^^ vefAei = body weight of avian or mammalian wildlife species,

b = allometric scaling factor that is specific to either buds or mammals.

Allometric scaling factors of 1.2 for birds and 0.94 for mammals were used (Sample and Arenal,

1999). TRVs for the bald eagle and the mink are summarized in Table 5-3.
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Mawim|M Barter aid Mvtr SHt
MMMMJM, MkUKM

All coMMtratloM !• Mf/kf

AMtyt.
PCB-IOI6
PCB-I22I
PCB-1232
PCB-1242
PCB.I24I
PCB-1254
PCB-1260
PCBi(MOl)

CASNuBbw
I2674fl2
II 104212
II 141 145
53469219
126722*6
II097W1
1 1096125
1336363

NEC

0.194

ARCS

PEC

OJ4

1C

1.03

CMM

MQO

O.M

0.0341

l«

PEL

0.34
•

O.J77

CM*

rac

067

•Mi

TIC

0.05

JPEF

PEL

p.ll

TIL

0.02

NC

ERL

0.02

AA

UM

0,11

MWIR

IT

0.02

OK
Ltw
0.007

•

•

0.03
O.M
0.001
0.07

idi
•mn
0.51

.
•
U

O.J4
OJ4
5.3

^^^^^•m^^m

94
.

O.M

0.03

"*

UBSL

0.03

M-rw
0.007

.

.

i
i

,01
,M
005
Ml

ORN1, RAW, 2004.

NEC-Notffiwl
PEC • ProbtbU •flwt OMOMBMM
TEC • ThMhold rfhol uunu««iMloii

PEL - Prob«bU tfltel l*vtl
TEL- Thmhold fflkol Imri
BRL-

ET-Bflkitfliv«faold
ARCS • AIMMMM md RtnwdiMiao of
FDBP • Florid* DipMBMt of BavfaMaMattl Pretwdoa
NOAA • Ndknal Ootnio nd AtOMMftario AdaUiMiM
EPA • US. Envfromntnttl Prettodaa AfMey
R4-U.S.EPAR»|Jon4
Rl BSL • BPA RMtao 5 Moloftel MfMlni l«vil
R6 FW • U.S. BPA lUflon 6 frMbwMw
OSWER • OffiM of Solid WiM Md BiMniaoy RMDOM*

MWlM^A-AJQf
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Table 5-2
Toricfty Reference Values (TRVs) for PCBs for Target Fish Species

Manistique Harbor and River Site
Manistique, Michigan

Receptor Species

Channel catfish

White sucker/shorthead
redhorse/longnose
sucker

Walleye/smallmouth
bass

Test Species

Catfish-
Channel
Catfish-
Channel

Zebra Danio

Zebra Danio

Sahnon-coho
Salmon -
Chinook

Whole Body Wet
Tissue Concentration

(mg/kg)

2.172

14.3

0.14

1.1

13

0.98

Effect Class

Mortality

Growth

Mortality/Reproduction

Reproduction

Growth

Mortality

Toxlcity
Measure

NOED

LOED

NOED

LOED

LOED

NOED

Species Feeding Behavior

Omnivore

Omnivore

Not Specified

Not Specified
Carnivore-aquatic insects,
fish, inverts
Carnivore-aquatic insects,
fish, inverts

Author

Hanson LG, WB Wiekhurst, J SimonJQTe
Hansen, L.G., W.B. Wiekhorst and J. Simon,
1998
Orn, S., P.L. Anderson, L. Forlin, M. Tysklind,
L. Norrgren, 1998
Orn, S., P.L. Anderson, L. Forlin, M. Tysklind,
L. Norrgren, 1998

Gruger, E.H.. T. Hurley and N.L. Karrick, 1976
Powell DB, RC Palm Jr. A Skillman, K
Godtfredsen, 2003

Source: ERED database; see Table B-l.
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TABLE 9-3
TOXICITY REFIRENCI VALUES (TRVi) FOR BALD BAGLI AND MINK

MAN18T1QUI HARBOR AND RIVER SITE
MANOTIQUE, MICHIGAN

cote
NOABL LOABLDm

TM|MWMHfc

Areolorl24l
AnMlorllM
AmkvIlM

PCBi
AiMlorl242
AradorllM
AiMbrUM

•cnMbCM

TOXICITY REFERENCE VALUE (TRV) CALCULATIONS FOR BALD EAGLE
•.0014}
4.IOB4I
IMB4I
I.MI4I

1.271*00
4,10*00

I.MKOO

U.8, BPA(IVU)
D—to.09141
U.I. WA (1991.1
U.8.BPAM99lrt

I.I1B4I
7MB4I

MM

TOXICITY REFERENCE VALUE (TRV) CALCULATIONS FOR MINK
i«n>i

L2U

_Lg|
Jdift

5.00B42
4.90B4J i
I.40B4I i
1.40B41 b

1,00141
«.«OB4I
«,*OB4I
4.ME4I

IOOB41
1,00141
I.OOB4I
I.OOB4I

U.8. BPA I9«i.
U.8. BPA 1995t
U.8. BPA I995«
U.8. BPA 1995.

J.UOBXK

TwftfSpMMN

BddHfl*
Mtak

4.6
0.1

(M*i

k|
k|

COHC -
LOABL -LowMlObMfv«dAdvwMBflhMUvfl
NOABL-NoObNcvodAdwMBflbotLfvd

Wdffcl

U.S. EPA 19950
U.S.EPAI99J.

TirfM Avin 8p*d« TKV - TXV..
T«fMMaMlTRV-THVM^.*
lUhumi: SmpU ind Amal. 1999.

t • TRVi fcf MM ̂ M!M obMMd ten ORNL't 7H«
b • TRY taMd ea Areelor-1254 u 11
o- U.I.BPAlUjtai9BlelojlMlT«

ototl<»lt»»c)marlafi>rWtUllfi; 1996 Kntttet,. BI/ER/TM-M/U.

iOmp(BTAO) TexMy lUftnaet Vihnt fcf BM« (lUvWoo DM 11/21/2002),

d - Bind M TRVi uMd la Fox Mw BKA (Tte RMN Oraap. 20M1
* - MoLm, M. Md D. Hu|bM. I9M. lUnoducdyi MOMM eflcnMh ewto M Aiedor 1241, <4roA, fffWnM, CMMOM, Ttortaa/. *:MI-M5,
f- A LOABL WM net MUibU; dM NOABL WM Mr^eltHd to i LOABL by nnldplytai by • buor of 10.

, BPA, 1911, R fartMiDocwHtKKiHm
WML BM BMdtaf Anoo. MOM* No. I. EUoo PuM. Co. Cm G*. AZ. Jl pp.

i t * i

U.8. BPA. 19911. OHM Laku waHr f Holly MMMto cHHHa Joemmufir Ou preHetleii ofvOafi (pmponJ): DDT, Uireury, 1,1,7,1-TCDD, PCBt. BPA/H2/R-9M07.

UJ.BPA. I995e. Plml W«wQuitoyOl*tawferth.Or*t^Syi<«MOCFRP««9,122,123,13ltnd ll2,21Mmh 1995.
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I SECTION 6

RISK CHARACTERIZATION

I
The risk characterization integrates the information from the problem formulation and the exposure

• and ecological effects characterizations to estimate the nature and extent of potential ecological risk.

The ecological risk characterization for this assessment is based on the hazard quotient (HQ) method

U as summarized below.

1 6.1 HAZARD QUOTIENT METHOD

1** J The hazard quotient (HQ) method is used as an indicator of the risks posed to surrogate ecological

receptors from exposure to site-related contaminants (U.S. EPA, 1996c). The hazard quotient

compares exposure values to TRVs, and can be expressed as the ratio of a potential exposure level

to the TRY:

HQ_ Exposure
TRY

where:

Exposure = Exposure concentration at the exposure point (e.g., mg-contaminant/kg-
l sediment) or the estimated contaminant dose at the exposure point (mg/kg-

bw/day).

TRY = Toxicity reference value, i.e., effect dose or effect criteria (hi units that match
the exposure concentration or exposure dose)

If the calculated HQ exceeds unity (i.e., >1), then it simply indicates that the target receptor may be

at risk to an adverse effect from that chemical through that exposure route. Because TRVs

incorporate a number of extrapolation factors, if a TRY is exceeded (meaningtheHQ exceeds unity),

it does not necessarily indicate that an adverse effect will occur. Further evaluation may be needed

for those chemicals with a HQ that exceeds one. HQs were calculated for both the no effect TRY

and effect TRY.

I:\WO\RAC\236\34880-S6-WPD RFW236-2A-ASQP
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| Exposures to die same chemical through multiple exposure routes (e.g^ ingestion of sediment and

tissue) or medhnns were conservatively assumed to be additive. Consequently, a HQfor a specific

I chemical examines the potential for ride posed by that chemical through more man one exposure

_ route or medium. The HQ is an expresskm of the ao^tivity of non-carcinogenic heahli effects. For

• example, the HQfor an individual chemical over several med^a and routes of exposure is determined

for a receptor as follows:

Where:

J HQd**ai ~ Hazard quotient for a specific chemicaL
Hazard quotient for me same chemical through exposure route 1.

fhr tficM tuH*J ~ .

J ffQtmtti = Hazard quotient for the same chemical through exposure route 3

3 For benthk organisms, the range of sediment benchmarks was iised as TRVs to calculate HQs. For

fish, DcrthNOEDs and I£)EI>5 were iised as TO effect TRY For

3 me food web modehng, HQs were calculated for both the DO effect TRY and the effect TRY.

"\ &2 SUMMARY OF RESULTS

^ W
j Aqnatif. nrgMii«m« may ha inrpftMrf tn Pf^R«y Himrtly nr thmiigh flip. fhnH rhain The potential risk

to the target ecological receptors is characterized in mis subsection.

1

• To assess me potential for adverse effects on benthic organisms from exposure to potentially toxic

the range of detected sediment concentrations in the Manistione Harbor and River were

m couipaied to sratimrnt screening benchmarks (Table 6-1). The average concentration of PCBs did

not exceed die highest benchmark (i-e-, Ontario severe effects levek), but the average concentration

did exceed the threshold concentrations (i.e., ARCS TEC and Consensus TEC). White these results

RFW236-2A-ASQP
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show a potential for adverse impacts to benthic organisms from sediment exposure, these risks may

be localized at particular "hotspots", rather than distributed throughout the harbor and river.

6.2.2 Fish

Exposure offish to potentially deleterious concentrations of PCBs is evaluated based a comparison

of tissue residues to residue effects concentrations (Table 6-2). The mean and 9SUCL concentration

of total PCBs in the whole body fish tissue for the target species collected from the Manistique

Harbor and River were compared to tissue NOEDs and LOEDs for similar fish species. For the

bottomdweller (i.e., omnivorous) fish species, the HQs range from 0.017 to 6.9. The HQ exceeded

one for the sucker species but not for the channel catfish. The HQs based on the LOED and the 95

UCL tissue concentration did not exceed one any of the bottomfeeder species. For the predator (i.e.,

carnivorous) fish species, the HQs range from 0.07 to 0.6. For the predatory fish species, the HQs

were less than 1.0 and therefore indicate no risk.

6.2.3 Bald Eagle

The bald eagle may be exposed to PCBs through ingestion of fish and incidental ingestion of

sediment. The estimated daily dose and the potential risk to the bald eagle are presented in Table

6-3. The HQ based on the no effect TRY was 0.51 for total PCBs and the HQ based on the effect

TRY was 0.036 for total PCBs. All HQs for the individual Aroclors were less than 1. These HQs

were less than one and therefore indicate no risk.

6.2.4 Mink

The mink may be exposed to PCBs through ingestion offish and incidental ingestion of sediment.

The estimated daily dose and the potential risk to a mink are presented in Table 6-4. The HQ based

on the no effect TRY was 1.2 for total PCBs and the HQ based on the effect TRY was 0.6 for total

PCBs. For Aroclor 1248, the HQ based on the no effect TRY was 1 and the HQ based on the effect

I:\WO\RAC\236\34880-S6.WPD RFW236-2A-ASQP
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| TRY was 0.1. The HQs based on the no effect TRY exceeded one for the total PCBs indicating

potential risk. However, flic HQs based on the effect TRY for total PCBs and for the individual

I Aroctors were less than 1, suggesting that this potential risk is li

I

3
3

UNCERTAINTY

Virtually every step in the risk amtntsninit process requires numerous assumptions, all of which

contribute to uncertainty in the risk evaluation. The objectives of this uncertainty section are to:

"1 • Provide to the appropriate decision makers a summary of those factors that
J significantly ft|flii*firg *hg ridr result^ evaluate their range of variability and assess

the contribution of these factors to the under- or overestimation of risk.

J • Discuss the data underlying the assumptions that most significantly influenced the
risk to highlight the strengths and weaknesses of the risk assessment results.

General and site-specific uncertainties in this ERA are discussed in the following subsections.

6J.1 Uacertahity Associated With Data EvahuftM ud RedictkHi

Following is a discussion of uncertainties related to data evaluation and reduction.

3
• Varkwsrypesofdataquah^eisareattachedtoanalyticaldatabye

*1 condnctingtheanalysesorbythepersonperfcfmingd A common data
qualifier in data packages is the "J" qualifier. Data qualified with a J are estimated

_ concentrations reported below the sample quantitation limit (SQL), but exceed the
jij method detection limit (MDL). The concentration is considered an estimated value.

m this ERA, estimated data were used the same way as positive data detected above

I
the SQL. Sometimes, a level ofbias is associated with the estimated data, indicating
whether the concentration is biased high or low. Other times, the level ofbias is
unknown. The use of estimated data as the reported concentration may result in

m either an under- or overestimation of the actual concentration.

RFW236-2AnASQP
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• The data set for a particular chemical generally will contain some samples with
positive results and others with non-detect results. The non-detect results in this
ERA have been included at one-half the SQL in the calculation of the 95% UCL.
The SQL represents the lowest value at which the element or compound may be
positively identified in a sample preparation. The chemical may be present at a
concentration just below the SQL, or it may not be present in the sample at all.
Including sample non-detects at one-half the SQL limit in the calculation of the 95%
UCL may result in an underestimation or overestimation of the actual exposure
concentration.

6.3.2 Uncertainty Associated With Problem Formulation and Characterization of
Exposure

Following is a discussion of uncertainties related to problem formulation and exposure

characterization.

• Conceptual model development may account for one of the most important sources
of uncertainty in a risk assessment. If important relationships are missed or specified
incorrectly, the risk characterization may misrepresent actual risks. The conceptual
model developed for the Harbor and River includes those groups of species and

H feeding guild expected to be maximally exposed to PCBs in an aquatic environment
yj (i.e., piscivores). Although some species were not evaluated directly, the potential

for risk to those species was not expected to be greater than those evaluated.

• The EPC used in risk assessments to estimate exposure intakes should be based on
the arithmetic average concentration for a contaminant based on a set of site sampling
results (U.S. EPA, 1997). Because of the uncertainty associated with estimating the
true average concentration at a site, the 95% UCL of the arithmetic mean is used in
risk assessments as a conservative estimate of the average concentration. The 95%
UCL provides reasonable confidence that the true site average will not be
underestimated. EPCs for sediment and fish tissue were based on the 95% UCL of
the arithmetic mean. Note, the maximum detected concentration was selected to
estimate the EPC if its concentration was less than the 95% UCL concentration.

• For each target wildlife receptor, site use factor (SUF) and dietary composition
factors (DCF) were conservatively assumed to be 100%. The use of 100% for these
factors assumes that the target wildlife species forages for all of its food, all year
round, from the harbor and river. These assumptions are very conservative
considering the home ranges the mink and bald eagle. In addition, the receptor
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species may be foraging on other food sources and food types aside from fish in die
Harbor and River, therefore die DCF would be less dun 100%. As a result, use of
100% for die aforementioned factors will contribute to an overestimationofrisk.

Ingestion of sediment by die mink and bald eagle is negligible, m addition, most
sedinientwidiindieHarix)randRiverwc>uldbeinaccessibkdiietodiewaterdepdL
Thus, including sediment exposure for these receptors results in an overesumanon
of risk.

The bioavailability of PCBs in die environmental media and diet of die receptors
(e.g, sediment and tissue) was estimated at 100%. m odier words, 100% of die
concentration of a detected chemical was assumed available for toxkhy. m this
ERA, bioavailabUity of PCBs was assumed to be similar to tiiat observed in the
toxknty studies reported in die literature. Thus, taxicity may be over- or
underestimated, depending in part on die extent to which she-specific compound
bioavailability differs from diose in studies reported in die literature.

Historical activities, including sawmill operations and routine dredging, have
severely altered die substrate available for die colonization of die river and harbor
(Terra Inc., 1994). The substrate in die Manistiqne River and Harbor includes an
accumulation of sawdust and wood chips from sawmills. Grain size analysis of die

arepriinmlyfi^ The

organic carbon content in die fine sands is tow, about 0.1 percent, though higher
organic carbon contents (> 1% to 38.6%) were measured in samples witii sawdust
and leaves. Thus, die substrate provided by die harbor and river is not expected to
provide die habitat needed for a driving bendiic community.

6J3 UBcertaiBty Associated With CharaeterizatioB of Effects

Toxkity of a contaminant is assessed by identifying TRVs in die titeratnre specific to me

contaminant and die measurement receptor being evaluated. The following is a discussion of me

uncertainties associated witfa die TRVs.

The TRVs used in risk characterization of dtis ERA for upper trophic level class-
ific guilds (Le^ mink and bald eagle) are provided in terms of dose ingested

1 (mg/kg/day) and are based on laboratory studies. The no effect TRV is consistent
J widi a chrome no-effect level; die no-effect level is die highest dose at which no

effect to die test organism was observed. The effect TRV is consistent widi a low
I effect level An effect level is die dose at which a specific biological effect was seen

t\WOttACV23OMS«>SfcWPD RFW236-2A-ASQP
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in the laboratory test organism. Effect TRVs were selected from approximately the
middle range of all sublethal effects for a particular chemical. Suter and others have
evaluated data sets from multiple taxonomic groups to derive regressions or
distributions describing how the endpoints for different taxa might vary (Suter,
1993). Uncertainties associated with the derivation of wildlife TRY based on data
on laboratory animals is provided below (Sample, 1996).

- Variations in physiological or biochemical factors may exist among species;
these factors may include uptake, metabolism, and disposition, which can
alter the potential toxicity of a contaminant to a particular species.

- Inbred laboratory strains may have an unusual sensitivity or resistance to the
tested compound. Behavioral and ecological parameters (e.g., stress factors
such as competition, seasonal changes hi temperature or food availability,
diseased states, or exposure to other contaminants) may make a wildlife
species' sensitivity to an environmental contaminant different from that of a
laboratory or domestic species.

- Available studies on wildlife or laboratory species may not include
evaluations of all significant endpoints for determining long-term effects on
natural populations. Important data that may be lacking are potential effects
on reproduction, development, and population dynamics following multi-
generation exposures.

- If fewer steps are involved in the extrapolation process, then the uncertainty
in estimating the wildlife NOAEL is lower. For example, extrapolating from
a NOAEL for an appropriate toxic endpoint (i.e., reproductive or population
effects) for white laboratory mice (i.e., test species) to white-footed mice (i.e.,
target wildlife species) that are relatively closely related and of comparable
body size would have a high level of reliability. Conversely, extrapolating
from a LOAEL for organ-specific toxicity (e.g., liver or kidney damage) in
laboratory mice to a non-rodent wildlife species such as mink would have a
low level of reliability hi predicting population effects among these species.

§ • Chronic TRVs for the eagle were adjusted to the target species using allometric
methods. No allometric scaling was done for the mink TRVs since the test species
is the same as the target receptor species. The allometric method approach

I incorporates the use of body scaling parameters (i.e., body weight) to estimate a toxic
concentration for a class of organisms (e.g., the toxic dose to birds). There is
uncertainty associated with applying a default scaling coefficient, and the

f| applicability of allometric coefficients based on an acute toxicity data to chronic
• * toxicity data is unknown (Sample and Arena!, 1999). Reviews on allometric scaling

caution that there are several conditions that need to be met to apply allometric
] scaling with confidence. For example:

• >
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aJkxnetric approach is the method of choice [for controlliiig plasma
concentrations of a drag] and can be applied to the data, provided that the
pbannacokinetics are first order in each species, the percentage of protein
binding is similar and linear over die concentration range of interns^ the
elimination processes are physical (i.e., renal or bitiaryX and enough data are
available for satisfactory linear regression." (Mordenti, 1986).

• There is no guarantee that die allometric approach wffl work. Several
reasons for the failure of die allometric equation to describe some data
include (1) species differences in bmdmg arid metabohc pathways, (2) species
differences in target cefl sensitivity, (3) schedule dependency due to exposure
time differences, and (4) laboratory differences.— When die metabolism
produces active metabolites, die factors considered for die allometric model
are not, in many cases, relevant Indeed, h could be argued tint die faster
metabolism often associated with small animals will make diem more
vulnerable... because of the relatively higher production of toxic metabolites"
(Mordenti and Chappell, 1989).

- "[Ahnbignous results can arise in die allometric when die body weights
used of interspecies allometric predictions are not broad, defined, or
specified. Any extrapolation outside die range of experimental body size
could cause intrinsic errors. This is because dieseaOometricregn
empirically determined and apply only to die sizes wititin die ranges of die
original data...On the odier hand, when die allometric relationship is applied
to a narrow range of animal sizes, die power model is less appropriate tiian
die linear model. Odier problems of the allometric prediction arise from
statistical complications. First, the potential transformation bias will reduce
die quality of prediction." (Wen et al, 1990).

The Environmental Residue-Effects Database (ERED) is a compilation of data, taken
from die literature, where biological effects (e.g., reduced survival, growtti, etc.) and
tissue contaminant concentrations were simultaneously measured in die same
organism. Except for die channel catfish, residne-efifects data was not available for
die target species collected from the Harbor and River. For die omnivorous
boOomdweUing species (except die channel catfish), die TRY is based on die zebra
dank), an omnivorous species with die lowest NOED and LOED concentrations of
all die species fisted in die database for PCBs. The highest 95UCL total PCB
concentration for die sucker species (2.01 mg/kg) does not exceed die NOED for die
channel catfish (2.172 mg/kg). m addition, it is well known tiiat die tissue
concentration of a hpophilk toxicant causing die response is directly related to die
amount of hpid in an organism. The higher die hpid content, die higher die
resistance to die toxicant because a higher proportion of die hydrophobk compound
is associated witii die hpid and is not available to cause toxicity (Meador et al, 2002;

«T US. ETA.
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Geyer et al., 1993 and 1994). In contrast, lipid levels positively correlate with
bioaccumulation and the half-life of absorbed contaminants in receptor species
(Geyer et al., 1997). Thus, while receptors with high lipid content will both absorb
and retain chemicals to a greater extent, there is potential for increased risk to
predators consuming prey with high lipid contents. The average measured lipid
contents in the sucker species ranged from 6.1 to 9.9 percent. Thus, use of effects
data for a small cyprinid species to represent effects on larger bottomdwelling species
may result in an overestimation of risk to the bottomdwelling species.

6.4 RISK DESCRIPTION

Overall, the HQ analysis indicates that exposure to PCBs by piscivorous birds and mammals poses

little to no risk to the eagle and the mink. The HQ analysis indicates potentially unacceptable levels

of risk to benthic organisms and bottomdwelling species. However, the substrate provided by the

Harbor and River is not expected to support a thriving benthic community. The highest tissue

residue concentrations were measured in bottomdwelling species, which have high lipid contents.

The higher the lipid content, the higher the resistance to the toxicant. Since there is a potential for

adverse effects on benthic organisms and fish, continued monitoring of sediment and fish tissue is

recommended.
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Table 6-1
Sediment Hazard Quotients

Manlstiqne Harbor and River Site
Manlsttqne, Michigan

All concentration! In rag/kg

Analyte
PCB Concentration
Mean 9SUCL

ARCS
PCBs (total) 0.74 1.696

C«Mdiu
PCB-1254
PCBs (total)

0.19
0.74

0.464
1.696

Coniennu
»CBs (total) 0.74 1.696

FDEP
PCBs (total) 0.74 1.696

NOAA
PCBs (total)

OSWER
PCBs (total)

0.74 1.696

0.74 1.696
Ontario

PCB-1248
PCB-1254
PCB-1260
PCBs (total)

0.55
0.19

0.133
0.74

EPA
PCB-1248
PCB-1254
PCB-1260
PCBs (total)

0.55
0.19
0.133
0.74

1.432
0.464
0.298
1.696

1.432
0.464
0.298
1.696

Screening Benchmark

NEC
0.194
ISQG
0.06
0.034
PEC
0.67
PEL
0.18
ERL
0.02
ET

0.02
Low
0.03
0.06
0.005
0.07

PEC
0.24
PEL
0.34
0.277
TEC
0.05
TEL
0.02
ERM
0.18

Seven
1.5

0.34
0.24
5.3

TEC
0.03

H*Unii*d Quotfmt* IVf tflo C

3.8
ISQG

3.2
21.7
PEC
1.1

PEL
4.1

ERL
37
ET
37

Low
18
3
27
11

R4 I RS ESL I R6-FW | R4
.
.
.

0.03

.
-

-
0.03

0.03
0.06
0.005
0.341

.

.

.
25

3.1
PEL
0.56
2.67
TEC

IS
TEL
37

ERM
4.1

Seven
0.37
0.56
0.55
0.14

R5E8L
.

-
-

25

1 Hazan
jiejBjJrjJlBjl^ -^ -C

TEC 1 NEC
25

R6-FW
18
3.2
27
2.2

8.7
ISQG

7.7
50

PEC
2.5

PEL
9.4

ERL
85
ET
85

Low
48
7.7
60
24
R4
.

-
•

57

1 Quotient: 95UCL
jhMfkAMdwMfttflhMDnc«ni£Bno^^^^^^^^^^^

IPEC^^TEC"
7.1

PEL
1.4
6.1

TEC
34

I'EL
85

ERM
9.4

Seven
0.95
1.4

1.24
0.32

R5ESL
.
.
•

57

37

R6-FW
48
7.7
60
5.0

See Table 5-1 for references for sediment benchmark values.
95UCL • 95% upper confidence limit
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TABLE 6-2
Hazard Quotients for Whole Fish
Manistique Harbor and River Site

Manistique, Michigan

Species Anahyte
Detected
Samples

FCB Concentrations
Minimum | Maximnm | Mean* | 95UCL

Fish TRY
NOED | LOED

Hazard Quotient: NOED
Mean | 95 UCL

Hazard Quotient: LOED
Mean | 95 UCL

ADULT FISH TISSUE
Bottomfeeden (omnivores)
White Sucker Total PCBs
ShortheadRedhorse Total PCBs
Longnose Sucker Total PCBs
Channel Catfish Total PCBs

6/8
4/4
1/1
1/1

0.04
0.14
0.46
0.25

1.16
1.06
-

—

0.371
0.453
0.46
0.25

0.62
0.96
0.46
0.25

0.14
0.14
0.14

2.172

1.1
1.1
1.1

14.3

2.7
3.2
3.3
0.1

4.4
6.9
3.3
0.1

0.3
0.4

0.42
0.017

0.6
0.9

0.42
0.017

Predators (carnivores)
Walleye Total PCBs
Smalhnouth Bass Total PCBs

10/15
2/2

0.05
0.07

0.43
0.61

0.161
0.34

0.231
0.61

0.98
0.98

2.3
2.3

0.2
0.3

0.2
0.6

0.070
0.148

0.100
0.265

YEARLING FISH TISSUE
Walleye Total PCBs 2/4 0.14 0.199 0.1695 0.199 0.98 2.3 0.2 0.2 0.074 0.087
NA- Not available.
All fish tissue presented on a wet weight basis.
All concentrations in mg/kg
PCBs were not detected in bottomfeeder yearling fish tissue
95 UCL = 95 percent upper confidence limit
If a 95UCL could not be calculated, the maximum detected concentration is presented.
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BALD BAOLI NIK CALCULATIONS

MANUT1QUI HARBOR AND RIVER MTf
MANHTIQUI, MICHIGAN

NA-NotAppHMUi
TKV - Todcky lUAnoe* Viku
HQ-HMwdQaedM
1 BPC» tor Mite* wdbMM •• pntMMd ta TibU 4-1.
1 TlmM EPCi m bMtd OB dw 95UCL WM wtlihl uou
1 TRVi iMv^ (far tfw Mfk •• pfiMaMd ta Tibt* 5-3. TRV fcc Aroeloc IMJ I* bMtd on TUV tor Arootor IMI.

DlTlJt

0.47111

O.I 111

O.OM71

amio
0,00111)

-IRtii»u«(w«twt)*(l

Biffa Intake Bqmtioo (SwUmnl) - «CP x CMd) x Dtfod *y wl x SUF x DCP) / BW

Etjt IntA* Bqurtoa (Tlwti) -{((OCF x CTUtew) x IR TU tow-TU] + I(OCF x CTLSttaui) x IR TLJ diw^TU] x SUP x DCF) / BW

MM
torn
IOOH
1.141
4,M h|

k fc» rflt «4 TU b«MlM IM«

of IOOH fch I
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TABLE <-4
MINK RISK CALCULATIONS

MANISTIQUE HARBOR AND RIVER SITE
MANISTIQUE, MICHIGAN

e Feint CoacentntfaMia

Sediment (dry
wt)

Intake
(mc/kz/dvy)

No Effect TRY1

Heard Qaoflent - No Effect

Effect TRY*
fac/ka/dav)

HanrdQuetieat. Effect

0.752 256 130 3.90E-04 2.87E-02 I 2.91E-02
•flu) iCOnf aaaTIiTaiiTiaal aaTtraCTaaad

1.40E-01 2.8E-03 2.1&01 2.1E-01 6.90E-01

Seobaent Time Total

4.2E-025.7E-04 4JE-02 <fl
0.140 79 89 7.2JSrQ5 1.97E-02 1.97E-02 1.40E-01 37E-04 1.4E-01 1.4E-01 6.gQ&01 1.1E-04 2.8E-02 2.9E-02 <U

HQ-N« 3.3E-03 1.3E+00 1JE+00 HQ-Lew Effect 6.7&04 1.7&01 1.7E-01 <H
0.79S 621 5.00E-02 8JE-03 l^E-KK) l.OOE-01 4.1E-03 6.0E-01 6.0E-01 <1|

Nota:
<1 • Chemical hu a haiard quotient Hut b kn thui MM.
MA-Not Applicable
TRY - Tenacity Reference Value
HQ-Hazard Quotient
1 EPC» for surface sediment are presented in Table 4-1.
1 Tissue EPCs an based on the 95UCL wet weight
3 TRVj derived for the mink an prevented in Table J-3.

ion detected in fish (Table 4-1).

ERTUu

CM -
T* . . j

DwtuyCompoMiaii Floor (DCP)' -
StttU»FKIor(SUF)r -

Ofgmics Conwnon Fictor (OCF) •
BodyWeJ|fat(BW)-

V«h»
0.17S7
0.0415
0.0177
0.15900

0.000415

DUiisue (dry wt.) - IRtissue (wet wt.)*(l-tissue moisture)

Mink Intake Equation (Sediment) - ((CF x C«ed) x IRsed dry wt x SUF x DCF) / BW

Mink Intake Equation (Tissue) -{[(OCF x CTLStuaue) x IR TL3 tissi>e-TIJ] + [(OCT x CTUti««ue) x R TU tissne-TL3] x SUF x DCF> / BW

HQ-Intakc/TRV
IOCS
100H
13-09
O.M

b fined on oto-niMioD IM; SM Tibb 4-2
c TX3 ovum nt« SM TiH. 4-2
d Avenainluebr ill VMM: SoTibk4-2
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TABLE A-l
FISH TISSUE DATA (WHOLE BODY)

MANISTIQUE HARBOR AND RIVER SITE
MANISTIQUE, MICHIGAN

Tissue Concentration
Sample ID Species

Adult Predator Species
MH1-AF01 WALLEYE
MH1-AF02 WALLEYE
MH1-AF03 WALLEYE
MH1-AF04 WALLEYE
MH1-AF05 WALLEYE
MH1-AF08 WALLEYE
MH1-AF14 WALLEYE
MH1-AF18 WALLEYE
MH1-AF19 WALLEYE
MH1-AF21 WALLEYE
MH1-AF22 WALLEYE
MH1-AF24 SMALLMOUTH BASS
MH1-AF27 WALLEYE
MH1-AF28 SMALLMOUTH BASS
MH1-AF29 WALLEYE

Adult Bottomfeeder Species
MH1-AF06 WHITE SUCKER
MH1-AF10 WHITE SUCKER
MH1-AF12 WHITE SUCKER
MH1-AF1S WHITE SUCKER
MH1-AF16 WHITE SUCKER
MH1-AF17 WHITE SUCKER
MH1-AF23 WHITE SUCKER
MH1-AF26 WHITE SUCKER
MH1-AF07 SHORTHEAD REDHORSE
MH1-AF09 SHORTHEAD REDHORSE
MH1-AF13 SHORTHEAD REDHORSE
MH1-AF20 SHORTHEAD REDHORSE*
MH1-AF25 LONGNOSE SUCKER
MH1-AF1 1 CHANNEL CATFISH

Yearling Fish
Yearling Predator Species
MH1-FY01 WALLEYE
MH1-FY02 ROCK BASS
MH1-YF04 WALLEYE
MH1-YFOS SMALLMOUTH BASS
Yearling Bottomfeeder Species
MH1-FY03 SHORTHEAD REDHORSE

Area

River
River
River
River
River
River
River
River
River
River
River
River
River
River
River

River
River

Inner Harbor
River
River
River
River
River
River
River

Inner Harbor
River
River

Inner Harbor

River
Harbor
River
River

River

Afle

2+
2+
2+
3+
2+
2+
3+
2+
2+
2+
3+
4+
3+
4+
3+

6+
4+
9+
8+
3+
3+
3+
3+
4+
3+
8+
7+
7+
11 +

Y
Y
Y
Y

Y

Aroclor 1248

0.13
< 0.099

0.09
0.09

< 0.099
< 0.099
< 0.099
< 0.099
< 0.099
< 0.099
< 0.099

0.06
< 0.099
< 0.099
< 0.099

0.54
0.34

0.099 U
0.18
0.17

0.099 U
0.14

0.099 U
0.09
0.71
0.33
0.14
0.22

0.099 U

< 0.099
< 0.099
< 0.099
< 0.099

< 0.099

Aroclor 12S4

0.07
0.19
0.07
0.23
0.07

< 0.099
0.11
0.09

< 0.099
0.09
0.06

< 0.099
0.29
0.44
0.09

0.51
0.18

0.099 U
0.22
0.10
0.25

0.099 U
0.099 U

0.10
0.33
0.14
0.04
0.20
0.15

0.16 J
< 0.099

0.14
< 0.099

< 0.099

Aroclor 1260

< 0.099
< 0.099

0.04
0.11

< 0.099
0.19
0.05
0.13
0.05

< 0.099
0.06
0.06
0.16
0.19
0.09

0.13
0.04
0.04
0.08
0.04
0.09
0.04
0.04

0.099 U
0.05
0.05

0.099 U
0.08
0.12

0.039 J
< 0.099
< 0.099
< 0.099

< 0.099

Total PCB "

0.17
0.19
0.09
0.39
0.07
0.19
0.14
0.13
0.05
0.09
0.06
0.07
0.43
0.61
0.09

1.16
0.54
0.04
0.44
0.27
0.32
0.16
0.04
0.15
1.06
0.46
0.14
0.46
0.25

0.199
ND

0.14
ND

ND

% Llpid - C

1
4.6
2.6
3.7
4

6.7
5.4
5.9_

—
_

_
11.4
13.8
4.23

3.8
7.9
3.4
4.7
5.4
5.3
—

—
8.2
7.4
6.1
—
-

9.6

% Llpid - F

0.6
1.3
1.3
0.5
0.3
0.7

0.35
0.4
1.5

—_

1.6_

1.6
1.59

1.9
1

0.6
1

0.7
1
—

—
2

2.8
3.3
2.7
—

4.7

2.9

2.7
3.1

% Moisture

81 .5 F

79.3 F

77F

79.3 F
82.5 C; 77.9 F

80.8 F
79.2 F

69.3 F
77.6 F
77.7 F
74.9 F

71.7

* Upid content not available; based on average for other shorthead redhorse samples.
" Total PCB equals the sum of detected concentrations for yealing samples.

Whole fish concentrations were calculated based on the relative wet weights of the tissues. The PCB concentrations In the fillet and in the carcass were multiplied by their Individual
wet weights, the two products were added and then divided by the total fish wet weight. Nan-detects were Included at one-half the detection ImK.
For adult Osh, whole body PCB concentration equals sum of fillet plus carcass sample
ND = Not detected.
All concentrations in mg/kg
Wet weight basis.

l:\WOWAC\236\34BSOTA-HndTA-2.XLS RFW2M-2A-ASFB RFWZ38-2A-ASQP
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Table A-2
Average Lipid and Moisture Contents in Fish Tissue

Manistique Harbor and River Site
Manistlque, Michigan

Species

Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Walleye
Average
Smallmouth Bass
Smallmouth Bass
Average
Predator average
White Sucker
White Sucker
White Sucker
White Sucker
White Sucker
White Sucker
White Sucker
White Sucker
Average
Shorthead Redhorse
Shorthead Redhorse
Shorthead Redhorse
Shorthead Redhorse
Average
Longnose Sucker
Channel Catfish
Bottomfeeder average

Walleye
Walleye
Average
Smallmouth Bass
Rock Bass
Shorthead Redhorse

% Lipid

1
4.6
2.6
3.7
4

6.7
5.4
5.9
—
-

11.4
4.23
-

4.95

13.8
13.8
5.2
3.8
7.9
3.4
4.7
5.4
5.3_

_
5.08
8.2
7.4
6.1
—

7.23
-

9.6
6.18

-C % Lipid -F
Adult Fish

0.6
1.3
1.3
0.5
0.3
0.7
0.35
0.4
1.5
-
-

1.59
-

0.85
1.6
1.6
1.6
0.9
1.9
1

0.6
1

0.7
1_

—
1.03

2
2.8
3.3
2.7
2.70
-

4.7
1.90

Yearling Fish
2.9
2.7
2.8
3.1

Total Lipids

1.6
5.9
3.9
4.2
4.3
7.4
5.75
6.3

—
-
—

5.82
-

5.02

15.4
15.4
6.1
5.7
8.9
4

5.7
6.1
6.3
—
_

6.12
10.2
10.2
9.4
—

9.93
-

14.3
8.08

% Moisture

81.5

79.3

80.4
77

77
79.3

79.3
77.9
80.8
79.2
62.5

75.9

69.3
77.6
73.5
77.7
74.9
75.5

71.7

F-fillet
C - carcass
Blank spaces indicate no data available.
Only samples with both fillet and carcass % lipids measured were included in averaging.
Lipids are wet weight percentages.

I:\WO\RAC\236\34880-TA-landA-2.WPD RFW236-2A-ASQP
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TABLE A-3
SEDIMENT DATA (Locations with Last than 4 It water depth)

MANISTIQUE HARBOR AND RIVER SITE
MANISTIQUE, MICHIGAN

IH1-SOQ06
IH1-SD009
IH1-SD010
IH1-SD013
(H1-SD014
IH1-SD019
IH1-S0020
4H1'SD023
M1-SD034
IH1-SD037
IH1-SD037DP
IH1-S0046
IH1-SD060

IH1-SD064
IH1-SD067

MH1-S0068
IH1-SD092
W1-SD101
IH1-SD104
4H1-SD134
IH1-SD13S
«H1-SO13SOP
(H1-SD136
(H1-SD137
IH1-SD138
(H1-SD139
HH1-SD141
«H1-SD143
4H1-SD144

MH1-SD145
(H1-SO146
M1-S014T
4H1-S0148

MH1-SD149
•H1-SD150
W1-SD151
JH1-SD153
4H1-SD154
4H1-SD155
JH1-SD159
•W1-SD160
m-SD160DP

4H1-SD164
/M1-SD165
4H1-SD169

MH1-SD182
*H1-SD182DP
IIH1-SO347
DH1-SD361
4H1-SD362
IIH1-SD376
4H1-SD388
OH1-SD386DP
IAH1-SD369
MH1-SD402
MH1-SD415
W1-SD531

2.45

!.75

.9

.9

1.5
.8
1.4
1.9
1.9

2.9
.9

3.5

3.9
1.53

3.5
3.9
I

3.09

3.73
1.8
1.6

3.89

3.95

1.55

1.3
1.93

2.05

1. 9
3.97

3.93

2.6
4.35

2.1
2.75

2.65
3.9
3-01

2.73

3.1
2.65

2.65

2.7
1.9
1.9

3.49

1.35
1.35

2.9
3.89

3.45

3.42

2.82
2.82

3.09

1.3
2.52

3.85

Ana
Z

AOI
£
J.
1
\i
\i
\i
IZ
IZ

BZ
IZ

BZ

BZ~
\L

BZ
IZ

Ad
AOI
AOI
AOI
id

AOI
AOI
AOI
AOI
AOI
AOI
K}i

AOI
KM

AOI
AOI
AOI
AOI
Wl

AOI
AOI
AOI
AOI
AOI
AOI

AOI
KOI
AOI

AOI

AOI
AOI
KOI
AOI
KOI
AOI
AOI
AOI
AOI
AOI

RIO
OUTER
tlVER

OUTER
OUTER
OUTER
MJTEH
ilVER
MJTER
JUTER

OUTER
OUTER
OUIhR
OUTER

OUTER
OUTER
OUTER
INNER
tlVER

RIVER
flVER

OUTER
OUTER
RIVER
RIVER
OUTER
ourtR
OUIhK
OUTER
JUTER

RIVER
MVER

OUTER
RIVER
OUIbH
OUTER
OUTER
OUTER
XJIhK
DUTEB
OUTEP
DUTEF
OUTER

OUTER
JUlhp
OUTER

RIVER

RIVER
3IVER
DUTEF
OUTEF
DUTEF
OUTER
DUTEF
OUTER
OUIhl-
OUTEf
OUTEF
OUTEF

2
3
1
0

40
1
1
1
0
1

40
1
1

41
13

40
1

53
3
I70

42
>2
140
80

41
11

43
13
12

120
18

46
30

42
£3
10

42
12
39
41
41
42

40
41
40

46

44
45
40
43
45
17
42
43
43
41
42
42

UJ
U
UJ
U
U '
U
I

U
I
u
u
u
u

u
u
u
u

J
u
J

UJ
JJ
u
J

UJ
UJ
UJ
UJ
J
u
u
u
u
u
UJ
JJ
u
u
J
u
JJ
u

u
J
u

u

u
J
J
u
J
u
J
u
u
u
u
u

5
7
4
2
2
4
3
3
2
3
2
3
3

4
I7
1
3
10
a
ISO
e
e
!80
I70
4
13
17
16
15

250
'8
13

270
IS
a
11
16
IS
U
14
!4
16

12
14
»

14

19
12
12
17
)1
140
16
16
96
34
95
95

U
J
IJ
1
1
J
1
1
1
J
1
1
1

1
1
1
1
1
1
J
JJ
JJ
J
J
U
JJ
JJ
JJ
1
1
J
J
J
J
JJ
JJ
J
J
J
J
JJ
J

J
J
J

J

J
J
J
J
J
u
LI

U
u
u
u
u

2
3
1
0
0
1
1
1
0
1
0
1
1

1
3
0
1

53
3
I70
12
12
40
80
11
11
13
13
12
20
18
e
130

42
13
10

42
12
39
41
41
42

40
41
40

46

44
45
40
43
45
17
42
43
43
41
42
42

IJ.
J
IJ
J
J
J
I
I
I
I
1
1
1

1
1
1
1
1
I
1
U
IJ
1
1
JJ
JJ
JJ
JJ
J
J
J
J
J
1
u
JJ
J
J
J
J
JJ
J

J
J
J
J

J
J
u
J
LJ
LI
LI
J
U
u
u
u

2
3
1
0
0
1
1
1
0
1
0
1
1

1
3
0
1

53
3
I70
12
12
40
80

41
11

43
13
12
20
18

46
130

42
43
10

42
12
39
41
41
42

40
41
40

46

44
45
40
43
45
67
42
43
43
41
42
42

U
J
JJ
1
1
1
1
1
1
J
1
1
1

J
J
1
1
J
J
J
JJ
JJ
J
J
JJ
JJ
JJ
JJ
J
J
J

U
J
u
JJ
JJ
J
J
J
J
JJ
J

J
J
u

u

u
u
LJ
u
J
u
LI
u
u
u
u
u

2
0
1
0

40
1
1
1
0
.1

40
1

41

11
3
0
il
140
5

2800
12
12
130
1100

41
11

43
18
12

1200

36
46

1 30
42
31
K>

42
12
39
41
41
42

40
41
40

46

44
16
40
43
45
700
42
43
43
15
42
42

UJ

UJ
I

u
I
I
1
1
1

u
1
u

u
1
1
)

1
IJ
JJ
1

u
u

UJ
1
J

J
u
J
u
J
JJ
u
u
J
J
JJ
u

u
u
u

u

u

J
u
J
J
J
u
u
J
u
u

S*tf12S4

42
13

41
0

40
H
3
11
0
11

40
11

41

11
13

40
11

53
43
I70
12
12
140
160
11
41
43
43
12
120
38
46
130
42
43
40
170
42
39
41
41
42

40
41
40

46

44
45
40
43
45
97
42
1200

43
41
42
42

Sed1254Q]S«l1260lS«l1260Q|SKlPCB (ua'kgjISldPCBQ |TOC (%) (TOCO 1
i

J

1
I
1

U
1

U

u
1
u

J
1
u
J

UJ

JJ
u

J
UJ
JJ

UJ
UJ
J
u
J
u
u
u
UJ
UJ

u
J
u
JJ
u

u
u
u

u

u
u
J
u
u
u
u
J
u
u
u
u

2
3
1
0

40

1
1

41
40
41
40
1
1

41
43
40
41
53
43
170
42
42
40
80

41
41
43
43
42
120
38
46
130
42
43
40
42
42
39
41
41
42

40
41
40

46

44
45
40
43
45
67
42
43
43
41
42
42

IJ
1
IJ
1
1
I
1

1

1
1

1
1

1

/
1

1
J

J

1
J

U
JJ
J
)
JJ
JJ
JJ
JJ
J
J
1
u
J
u
JJ
JJ
J
J
J
J
JJ
J

u
J
J

u

u
J
J
J
J
u
J
J
u
u
J
J

85
0
4
2
3
4
3
3
12
13
2
3
3

14
17
11
13
HO

45
2800
e
16
QO
1100
M
13
17
18
IS
1200

't
13

270
85
31
11
170
15
30
94
14
16

12
M
91

94

99
98
92
97
31
700
96
1200

88
15
85
85

I

U
U
U
u

u
1
u
u

u
J

u
J
u

J

J
u
u
u

J

u
J
u
J
u

u
u
u

u

u

J
u
u

J

u

u
u

.13

.50

.14
:11
.13

1.24
.41
.00
MO
1.15

0.12

1.16

0.11

0.12
).11

0.12

1.15
.57

4.71

4.3
1.21

1.15

3.0
5.2

1.35
1.11

0.44

1.50
1.33

11.8

I.32

0.11
11.7

0-10

0.22

1.16
0.12

1.16

1.00

1.16

0.12

0.13

1.10
0.10

0.47

0.72
0.62

1.00

0.12

16.0
X24
1.00

0.18
0.17

0.11
J.12

1

J

J
1

1
1
1

J
J
J

1
1
J

1
J

J
J
1
J

1
J
U
J
J

J
J
J

J

J
J
J
J

J
U
J
J
J
J

RFW23&-2A-ASQP
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TABLE A-3
SEDIMENT DATA (Location! wtth UM thin 4 tl water depth)

MANI8TOUE HARBOR AND RIVER SITE
MANISTrOUe, MICHIGAN

All Concentration! In ug/kg
8od10in Aroclor 1018cono«itmUon
8td101«O Dll» qunllflar (or Aroolor 1010
Bud 1221 Aroolor 1221 concentration
S*d 12210 Oil* qudlflw (or Aroclor 1221
8od1232 Aroolor 1232 concentration
Sott1232Q DlU quilMw (or Aroolor 1232

Araclof 1242 oancanlmUon
Sad1242
Sod1242t DtUKtton nmtl tor Aroolur 1242
S«d1242Q DlU qudlflw lor Aroclor 1242
Daplti Water (iapUi

Bod 1248 Arockx 1248 conotntradnn
8»dU48ID9t<K:lton llmH lor Arockx 1248
8«d124ai DxUl qualifier lor Aroolor 1248
8«d12M Aroolor 12&4 cone«nlnHlan
8«d12M< D»l» qu«IUI*r ror Arador 12S4
8td1280 Aroolw 1280 concanlrallon
BK)1280<D»I* qudltar ror Aroolor 12M
8*dPCB ToMPCOt

An* SwnptakMaUun In ttwAOUwnaotlntonnl) or Q2 (background >u
RIO Simple toarton In rtvor. Innor hartior. oroulur h»rtxn
TOC Total organic carbon
TOCO Data quaWtor (or TOC



S*dkiwnl D«a (AN Loc*ttora)
HUnltUqu* Hnbor and Rtar M»

3«d«>

H1-SD001
W-SD002
IH1-SD002DP
H1-SOOW

Hl-SOOOS
H1-S0006
IH1-SOM7
IH1-SD006

H1-SOOW
H1-SDOIO
M1-S0011
IH1-SO012
H1-SO013
H1-SO014
H1-SM1S
H1-S0016
H1-SOOieDP
IH1-SCQ17

4H1-S0020
mi-sroi
IH1-S0022
1H1-SD023
IH1-SIXB4
4H1-SOG25
1H1-SO026
AH1-SD027

IH1-S002IOP
IH1-SO029

IH1-SDM1
IH1-S0082

IH1-SO034

MH1-g»M
IH1-SD037
W1-SD037DP
IH1-SD030
HH1-S0041
IH1-SD042
*m-SD043
4H1-S0044
4H1-S0043
4H1-SD046
4H1-SD047

4H1-S0048
(IH1-SOOSO

W140QBZ
4H1-SO0520P
4H1-SCOS3
AH1-SOOM

4H1"SD056
AH1-SD097
4H1-SD057DP
4H1-SD058

*H1-SD080
AH1-SD061
4H1-SD062
4m-SD083

MH1-SD065

wo

IVER
NER
JVER
JVER

JVER
JUTER
JVER
JUTER

IVER
"UTER
IVER
•UTER
•UTER
•UTER

RIVER
KJTER

OUTER
IVER

JUTER
BVER
OVER
OVER
XJ1ER
UVER
UVER

RIVER
RIVER

tlVER
XJTEfl

XJTER
JUTER

OUTER

XJTEfl
3UTEF
AllbP
UVER
XJII-f
XJTEF
WER
JUIb*
DUTEf
DUTEf
WER

3UTEF

3UTEF
DUTEF
DUTEF
DUTEF

3UTB
WER
WER
WER

DUTEF
OUTEF
WER
OUTEI

SvdlOie

1
5
2
J

D
Z
3
10

1
)
3
1
}

5
43

2
2
1
1

i
1
2
1
1

S3

0
7

42
2

0

1
1
0
IS
11
11
12
170
12
11
11

11

•

n
11
12

O
n
n
14

11
41
12
43

41

Bcdiom

j

j

i
i

i
i
i
i
»
i
u
y
j
j
t
i
j

»
j
j
j
j
j)
j
j
j
i
ij
j
*
t
j
)
j
j
jj
j
u

S*d1221

>
1
B
2

82
s
7
20

87
4
1
7

82
2
7
1
B
10
e
4
3

a
4
3
fi
3
4

fl
a
6

H
a

B2

*a
2
H
14
(4
IS
340
0
a
14

14
140

B
0
B

g
»
»4
B

-13
13
«
W

»4

5«d1221Q

IJ

J

I

I
I
I
I
U
>

I
\

I

u
u
I
I
I
I
I
J
J
J
J
J

)
1

1
)
J
I
J
J
J
J

>
J
J
J

t«d1232

1
S
2
0

D
2
3
10

3
1
3
3
1
1
3
5
3
Z
2
1
1
•1

1
2
1
1
•1

0
7

42
2

0

1
11
0
IS
n
n
42

1 70
a
n
41

H
a

0
11
12
IS

13
n
41
44

11
41
12
43

4i

SwJ1232Q

I
U
I
I

I
IJ

I
I
I
I
I
I

I
I
J
J
I
U
)

J
I

»
J

I

I
J
J
J
J
J
J
J

J
J
J

J
J

J
J
J
J

J
J
j
J

J
J
J

o

M1242

1
5
Z
a

0
2
3
30

3
1
D
3
Q
Q
3
5
3
Z
2
1
1
1
1
1
2
•1
1
it

0
7

2
2

0

1
H
0
15
11
11
12
70
12
11
11

41
P

10
11
IZ
IS

B
41
41
44

11
41
r2
43

41

5*d1242Q

I
I
1

1
IJ
I

U
1
1

1
1
1
1
1
I
1
1
1
»
1
u
}

t
1

1
t

J

J
J
J
J
J
J
u
J
J
J
J

J
J

J
J
J
J

_
J
J
J

J
u
J
u

u

Md124t

1
9
2
0

o
2
3
700

1$*
1
0
3

0
3
10
70
2
2

0
17

12
12

10

11
11
10
15
»

41
42
490
42
41
«

41
Kt

40
41
42
45

13
41
<1
44

11
41
42
«

B«H24M

i
i
1

1
IJ

J
1

j

!

i
i
i
i
i
i
i
i
j
LI
)

1
1

1
I

1

1
1
f
J
1
1
)

J
J
J

J
1

J
J
J
J

J
J
J
J

J
J
J
L)

LJ

Sad1254

1
S
2
0

0
2
3
700

3
1
9
J
B

3
5
3
2
2
1
3
1
1
1
2
1
1
1

0
7

Z
2

0

1
.1
0
IS
11
11
12
!40
12
11
11

11
10

O
11
12
B

13
11
41
44

11
41
12
43

41

9«d12S4O

u
U
I

u
J

1

1
1
1

1
1
1
1
U
t

1
1

1
1

1

1
u
J
J
I
1
u
J

J
J
J

J
u

1
)
i
J

J
J
J
J

u
u
J
J

LJ

hdlMO

1
5
2
D

0
2
3
40

3
1
D
3
D
D
3
S
3
2
2
1
1
H
11
11
IZ
11
11
11

0
7

2
2

40

1
11
0
IS
11
11

43
1 70

12
11

41

41
IB

n
11

42
45

O
H
41
44

11
41
12
43

41

S*d12«OQ

u "
J
i

J

S«dPCB
what
3
1
B
2

5
7
640

0
4
1

82
2

10
70
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Table A-4 (ConHnwd)
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T»bl«A-4(Con«Hi«cl)
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IH1-S03M
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Tabto A-4 (Conttmwd)
SwUmwrt Data (AH Locations)

r and Rhw Ma
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H1-8D4BZ
JH1-S04B3
MI-SOW
IH1-SD48B
IH1-SO487
IH1-S04B8
JH1-SD4B9
JH1-SD490
H1-S0491
IH1-SD492
H1-SD493
N1-SD494
IH1-S049S
IH1-5D498

IH1-S0498
IH1-SO498OP
*H1-SD490
DH1-SDSOO
H1-SD301
IH1-SD902
IH1-SDS02DP
(H1-SOSQ3
IH1-SD9M
IH1-SO505

IH1-SDS07

IH1-S050BOP
IH1-SD509
4H1-SD510
IH1-SD511
AH1-5DS12
IH1-SOS13
IH1-SD514
IH1-SD51S
IH1-S0510
4H1-SD510DP
HH1-SD517
4H1-S0518
mi-SDS19

IH1-SO521
IH1-SO522
IH1-S0523
XH -SO524
AH -SO525
AH -S052B
AH -SO927
*H -SO528
JH1-SDS20
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i*H1-SDS31
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Environmental Residua-Effects Database Results tor PCBs In Fish Tissue

Mantstlque Harbor and RJvtf SHa
Mantstique. Michigan

Yt«r

2001

1971

197(

urt

1971

197(

197.

97-

97

97

1971

1971

197f

20a

200:

2003

Author

PatacB. V.P_ S.U. ABen-Gi. S3. Brown. RE.
Evan*. O A Uebier. OH. Landers. LR- CirtJ.
J F KJaveAame. C-L Baron, W. L Locknait

Kansen LG, WB Wiethum. J Simor

Karoen LG, WB WiethusL J Sbm

Hanson LG. WB wiekhunt. J Strm

Hansen LG. WB Wleuun* J Skia

Urt. A.J., D.O. Bib. ml RO. Sinnhute

Ueb. A J.. D.D. BQi. and R O Sinnnuba

Ueb. A J., D.D. em*, and R.O fiinnhube

Ntnlri K, Budd .

Addbon Rf . ME Brick. D€ WHfc

Adflaon. R F.. U.E. Znck md D.E. Witt

Addtson, R.F.. U E. ZJnck and D.E WZi

Powell DB. RC Palm Jr. A SJJ&nan. K
GodDredsan

Powdl DB, RC Pahi Jr. A Skftnan. K

Po*efl DB. RC P»!m Jr. A SkOman, K
GodOredsen

PufaOcaOon Source

CnemotDhere 45:185-19:

J Fati Res Board Can 311343-135:

J Fish Res Board Can 31-1343-1 15:

J Foil Res Boaid Can 33:1343-135:

J.AOI Food Chem.. ?2(4V63S*42

J.AQr.FoodCh*m..22(n61M-3

^»n J Conv Mod 392 09-21!

Conv BJocftem Aiyiiol 61C JI3-32

COTV Bioctiem.Privdd.G1c323-32!

Conv- Bkxhanx Ptivslot &1c373-32!

Environ Taxied. A Oiem

Emiiai.Toikul. & Cfiem.

SpKlM Scfenttffc Name

ThvtnaBiawAM

icuhjmc pvidau

IctaXnn punctatw

Oncorrivnctiui my*iB

Onenrtiyntfiw niyfclK

Oncohynctim rrryldu

S-vrfmafcr.t.Mai

Satvedraa hvitiialb

SafvcSmn fonfinaft

SaNdnut hxiilnab

OncortynJius briawyBcna

Sptcln Common Nami

Arcfle Gravllne

Catfoh-Chonne

CrtWvChanna

Oittsh-Channe

Trout -Rairbo.

Trout - Rainbow

Trout - RaJnbOH

rnM-Rainbc.

Trout -Bioo*

Trout - Brook

TTOUI- Brook

Salmon • Chinook

AnalyteHanM

PCB77

AtodO> 1242 01 PC3 1241

Anxtor 1242 or PCS t24;

AfOdor124?o>PC81I4:

Aroctor12<2orPCB1?4:

Arodor 1254

Arodor1254

ArodOf 1254

Arodor 1254

AradoH254

Arador 1254

^d.,̂

AfOCtOr 1I5J

Arodor 12i4

A;odo>1254

Conc_W«t

1«

2.173

2.17:
- /-•

. •

2.17;

?.173

8-1

BJ

85

8'

35 JB

38 K

39

39

60

0.1 G

O^S

Conc.Unlbi

MGKG

UGAXG

UGrXG

. •

UG/XG

UC/KG

MG/KG

UGfXG

UGIKG

MGTKG

UGXG

UG/KG

MG/KG

UG/KG

UGKG

MQHG

Efftet Clau

Gfowft

PhnUogn

Uarpnoto^

-

!OAA

PhytlotoSca

CcCulB

(M.

Phvilalooic,

Soiwai

Phv»Wo(pea

Phytiotoqlca

8kxtmnic»

Gronlh

MortaEr*

Grovlh

Toxfclty Utmvi

NOCD

E01ZO

NOED

.

MO£D

HOED

NOED

HOED

HOEO

HOED

EDI 70

EDI 70

LOEO

NOED

MOED

HOED

HOED

Expoiw* Route

hpttUCTi

Inomflon

(noueon

hodfion

InqMten

frxnatlon

hoedion

IngotCon

Ingtstton

inoHtion

SPKIM Bodn Pan

WhoiaBo*

Whota Qod>

WTidiBoCr,

WholoBoft

WhdoBod)

^^whoiaBnty

FDUrt

FCrt

FUot

Fiiri

wr^eBodv

WhoUBody

Speda Start UhMtagt

Junrti

Ftngerfine

Ftageriiic

mwa.

Jwtnh

Juvtrd*

bnnahn

Immatm

JuvcnBi

JUWA*

SpcdMHabtbl

H«Spw(l«

Rapid water ttreami

' ' ' •

Rack) mnet uiwn

Cod ireanu

CooittrBaira

Cool Mexm

Cod^ami

C0o..lre»™fl,,«(bc«m

Cod rt »al botton

Ban coMti of Padflc; Ittantmy Ba/ and

lame Breams. •«.. Co>un«b Rrvei

BoJi coim of Pidfic Monurvy Bay and
CMna norm to Bcrtag Slraia, needing •
large urtano, a (J.. Coturtria Rrvv

BoTi coasts of PadAc. UonUrvy Day •"<>
China nonti to Boring SwJts, ascmding aJ
la/D0 tamns. e.g.. Cdumbla RKw

Sp«d«* FndflQ Dctuvtor

No(Sp«dteG

Omntvofe

C.mrvo.Hi«fi*hhvw.

Carrivof e îw fah. krvwt
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Table B-1
Environmental Residue-Effects Database Result* for PCBs In Fish Tissue

Manistlque Harbor and River Site
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i APPENDIX C

H TOXICOLOGICAL PROFILE FOR PCBs
| I

The following toxicological information on PCBs was obtained from Eisler, R. 1986.
PI
£j Polychlorinated biphenyl hazards to fish, wildlife, and invertebrates: a synoptic review. U.S. Fish

and Wildlife Service Biological Report 85(1.7).

^ PCBs are organic compounds commercially produced by chlorination of a biphenyl (BP) with
* \

-' anhydrous chlorine in the presence of iron filings or ferric chloride as the catalyst. Because of their

~i wide range of physical properties, their chemical stability, and their miscibility with organic
1 compounds, PCBs have been used extensively as hydraulic fluids, plasticizers, adhesives, heat

"*•] *** transfer fluids, wax extenders, dedusting agents, lubricants, flame retardants, and especially as

dielectric fluids in capacitors and transformers. The current uses of PCBs in the United States have

] been severely curtailed and production was stopped during the 1970's, although significant quantities
\

of PCBs are still used as dielectric fluids in older transformers and capacitors.

i
i

PCBs are extremely stable compounds, and slow to chemically degrade under environmental

\ conditions. The behavior of PCB mixtures in the environment is directly correlated to the degree

of chlorination. PCBs are now distributed worldwide, with measurable concentrations reported in

I aquatic organisms and wildlife from North America, Europe, the United Kingdom, and the Atlantic

^ and Pacific Ocean. PCBs tend to bond tightly to particulate matter, notably soils and sediments of
e <

1 lakes, estuaries, and rivers, where they may remain available for resuspension for at least 8 to 15
•S...-Y!

years.

PCBs presence in organisms has been shown to cause reproductive failure, birth defects, skin lesions,

eJ tumors, liver disorders, and, among sensitive species, death. Interspecies differences in sensitivity

„,, to PCBs are large, even between species that are closely related taxonomically. PCB toxicity is

u further enhanced by their ability to bioaccumulate and to biomagnify within the food chain due to

extremely high liposolubility. The toxicological properties of individual PCBs are influenced

primarily by two factors: the partition coefficient based on solubility in N-octanol/water (Kow); and

I:\WO\RAC\236\34880-APPC.WPD RFW236-2A-ASQP
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steric factors, resulting from different patterns of chlorine substitution. In general, PCB isomers with

high Kow values, and high numbers of substituted chlorines in adjacent positions, constitute the

greatest environmental concern.

For aquatic life, water concentrations of less than 0.014 ug total PCBs/1 (ppb) appear to afford a

satisfactory degree of protection, although concentrations as low as 0.006 ug/1 resulted in measurable

accumulation by various species of filter-feeding shellfish, hi aquatic systems, toxicity increased

with increasing exposure, crustaceans and younger developmental stages were the most sensitive

groups tested, and lower chlorinated biphenyls were more toxic than higher chlorinated biphenyls.

Among sensitive species of teleosts, total PCB residues (in ug/kg fresh weight) in excess of 500 in

diets, 400 in whole body, and 300 in eggs were demonstrably harmful, and should be considered as

presumptive evidence of significant PCB contamination.

Aquatic invertebrates assume an important role in the cycling of PCBs within and between

ecosystems. Uptake of PCBs from the sediment by chironomid (Chironomusplumosus - type) larvae

has been directly related to the concentration of PCBs in the sediment. When larvae metamorphosed

to adults, PCB compounds were concentrated and transferred from the aquatic to the terrestrial

environment. Terrestrial predators that feed on emerging aquatic insects whose larval stage inhabits

PCB-contaminated sediments may be exposed to PCBs.

Among small mammals, the mink (Mustela visori) is one of the most susceptible species tested;

dietary levels as low as 100 ug PCBs/kg fresh weight caused death and reproductive toxicity. A

tolerable daily limit for mink has been estimated at less than 1.5 ug total PCBs/kg body weight.

PCBs can be transferred to young mammals either transplacentally or in breast milk. Retention of

PCBs is highly species specific: nonhuman primates, for example, retained PCBs more efficiently

than rodents Tolerable daily PCB levels for rhesus monkey (Macaca mulatto), dog (Canis sp.), and

rat (Rattus spp.) were 1.0,2., and 5.0 ug/kg body weight, respectively. As a group, birds were more

resistant to acutely toxic effects of PCBs than mammals. For birds, total PCB levels (in ug/kg fresh

weight) in excess of 3,000 in diet, 16,000 in egg, or 54,000 in brain were frequently associated with

PCB poisoning.
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